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FOREWORD

The purpose of this manual is to outline policies and procedvres
adopted by the New Hempshire Department of Public Works and Righwavs thet
will serve ng 2 guid& for those performing duties related to survey Wort
for the Department. Hopefully, this will result in & standevdiontior ¢4

survey methods.

It is not intended that the publication of this manuad wils i
any way preclude departures from the suggested methods on occasions where
individual initietive could provide other acceptable methods that would be

more practical and economical.

This manual is subject to continual change and updating, Such

changes will be distributed as they are made.

JULY, 1972
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110 ORGANIZATTI N dF SURVEY PARTY
The regular survey pai"by consists of four (4) men: a Chief

of Party, classification of Engineering Technician IIT or IV ;& Tra.ns.it_;
rﬁa,n, classification of Engineering Technieian II; a Chainman~Trensitman,
classification of Engineering Technician I, or a Chairman, cla.ssiflcat:.on
of Engineering Aide II; and a Ro&man clagsification of En.g:.neer:.ng Aide I.
During the summer months a swmmer employee (college student, etc. ) may be
utilized to the degree of his abihty as 'the fifth man, where needed in

the survey jparty.

1131 DUTIES QF THE SURVEY PARTY PERSONNEL

The Chief of Party shell be held responsible for the activities,
actions and remarks of his men in the field, He shall instruct them in the
proper performance of their duties., He shall insist that they cultivate
the habit of doing the field work expeditiously as well as accurately.
He shall direct the attention of his superiors to individuals who have
extraordinazy ability end diligence as well as to those who are not
responsive or sghow little aptitude for survey work. Any man ﬁho is
guilty of negligence, disobedience, or gross misconduct shall be
,imnedia.te]y reported to the Survey Supervisor who will take the appro-
) priate action. The Party Chief's first allegiance can only be toward
.the best interest of the Department, and not toward his subordinstes,
which in the final analysis will be most beneficial to everyone invelved,
It is vital that he be prompt in submitting the various administrative |

reports covered elsewhere in this manusal,



The Instrumentmsn must be sble to use, adjust, and care for
any precision instrument used by him. He should be taught to keep
notes and take charge of the party during the absence of the Chief of
Party. '

| A Cha.in’man-’.l‘fansitmn's basic duties are those of the Chaimman
and in the sbsence of the Transitman, or on other occasions, he assumes
the duties of the Transitman. He is considered a Transitman-in-Training.
A Cha.mal}; must be able to chain, yse a locke level, be responsible
for all "chain" and "rod" work done in conjunction with the Rodman. BHe
should be taught, whenever the opportﬁnity presents itself, the duties
of the Transitman.

The Rodman performs all duties assigned to him by the Chief of
Party which are leborious in nature; i.é., cutting brush and small trees,
carrying supplies to and from the project and vehicle, handling level rod,
asgigting in chaining, etc.

As indiceted above, each mewber of the crew should learn the
duties of the position sbove his, in the interest of the Department as
well as his own.

In order to have a swrvey party perform its work efficiently
every member must willingly aveil himgelf, whenever 1t doesn’t conflict

with his basic duties, to accomplish the many menial tagks involved in

preliminary surveys.



1200 SURVEY EQUIPMENT AND SUPPLIES

NONEXPENDABLE

EXPENDABLE

AYES, 2% 1b, - 3 1b.

__ADJUSTERS, PLUMB BOB

BAG, STAKE, CANVAS

BATTERY, 11 VOLT, THEOD,, & FLASHLIGHT

BALANCES, SFRING

BATTERY, 9 VOLT, WAIKIE TATXIE - _

BOB, PLUMB

BATTERY, 12 VOLT, FATHOMETER

BOOTS, RUBBER

BINDERS, FTELD BOQOK

BOOK, FIELD AND LOOSELFAF

BLADE, BOW SAW

CASE, CLOTH TAFE

CHAIN, PLUMP BOB

CRAYON, LUMBER, BIUE, RED, YELLOW

CHAIN, STEEL, CANYON, 10O, 200, 300 ft.

CHAIN, STEEL, DRAG, 50, 100 £,

FILE, BASTARD 10"

CHYSEL, ICE

FIRST-ATID, SUPPLIES

COMPASS W/STAFF -

FLAG, FLORESCENT W/STAFF

CONE, TRAFFIC, PLASTIC

FLAG, CLOTH, RED, DANGER

FRAME, SIGN HOLDER, METAL

HANDIE, AXE

GIASS, MAGNIFYING

HANDLE, BRUSH HOOKS

GRIPPER, STEEL TATR

HANDLE, SIEDGE HAMMER

EAMMER, SIFDGE

'MARKER, DRI-MARK

HEIMET, ALUMINUM

MARKER, PIT, PLYWOOD

HOOK, BRUSH

FWAILS, ALL SIZES

JUG, WATER, THERMOS

PAPFR, FILLFRS, FIELD BOOK

KIT, FIRST-AID

_POINTS, PLUMB _BOB

RIBBQN, CLOTH, RED

LEVEL, RT. ANGLE
LEVEL, LOCKE '

 RIBBON, PIASTIC, IN COLORS

LEVEL, W/TRIPOD DUMFY OR y"

SPIGOT, THERMOS JUG

MACHETE., W/CASE

STAXES, GRADE, SOFTWOOD

MANUAL, SURVEY

STAXKES, HUB, HARDWOOD

PIN, ADJUSTING TRANSIT

STRING, FLUMB BOB

PIN, FROST TAPES, CLOTH 50ft. - 100ft.
PUNCH, STEEL TARGETS, BRIDGE, WOOD
REEL, TARGET. GAMMON '

ROD, LFVEL . SPECIAL EQUIPMENT:

ROD; RANGE BOAT, ROW

RULE, FOLDING, 6 ft. CAMERA , Pomnon)

SAV, BOW DRILL, STAR

SCALE, ENGINEERS

- GEODIMETER AND ACCESSORIES

SHEATH, PLUMB BOB HAMMER, 3-IB.
SHOES, SNOW JACKETS, LIFE
SHOVEL, SNOW IEVEL, AUTCMATIC

SIGN, "MFN WORKING TN ROAD" METAL

RADIO, WAIKTE-TAIKTE

TABIES, IVES & KISSAM

ROD, IEVEL, FIBERGILASS 25!

TABLES, SPIRAL (BARNETT)

ROPE, NYLON AND HEMP

THERMOMETER

TARGET, ROD

TRANSIT, W/TRIPOD

VEST, SAFETY i




FIRST-ATD SUPPLIES

120.1

DESCRIPTION

ACID, TANNIC

AMPULES,, AMMONIA

BANDAGE, COMPRESS (2" x 2")
BANDAGE, COMPRESS (L")

BANDAGE, GAUZE (2" x é YD.)

BANDAGE, TRIANGUILAR

BANDATDS

DRESSING, EYE

GAUZE, ABSORBENT

KIT, FIRST-ATID (CASES ONLY 10 UNITS)
KIT, FIRST-AID (CASES ONLY 16 UNITS)
METAPHEN

PADS, GAUZE (3" x 3")

RHUS-10 CREAM (POISCN IVY)

SWABS, IODINE

TOURNIQUET

EACH



121 | ~ PLASTIC TAPE COLOR CODE

V&riooe colors of one (l) inch pla.sfic tape, conspicuously |
attached to reference risers will be used to rea.dlly distmguish the
cha.ra,cter of a.llgmnent or control point to whlc.h it refers. |

The following color code will govern:

- KED.. . - : - ‘ Center line or side stske.
BLUE ‘ e " Ramp center line and ramp side stake.
WHITE - . " Remp center line end ramp side stake.

COMBINATION OF COLORS

RED & YELLOW ... - Center line control peoints and ties.
EBILUE & YELLOW C - Ramp control points and ties,
WHITE & YELLOW - Ramp control points and ties,

GREEN & WHITE - - Right of Way lines and bound points.

Fluorescent orange will be used by the Construction Division to

identify clearing markers, Survey will not be supplied with this color.

125 PUBLIC RELATIONS

Before beginning a detailed study of the duties of a survey party,
it will be well to consider the proper relation between the survey party
and ti:le genera.l public, Surveyors of this Departmeut ef\ren thcugh they
may hold subordinate pos:.tlons » are employees of the State and are in

real:.ty employees of every taxpayer of the State, who observes the



conduct of State employees whether on or off duty. Citizens like to
know what is going on, and in the course of & field survey many
questions afe asked by them, The Department insists that these
questions shall be answered courteously. Subordinates should politely
refer all questions tc the Chief of Party who will explain, within reason,
the objectives of the work. Courteous treatment of the sbutting property
owners is the first step toward securing their cooperation. Under the
present policy of contacting property owners by Supervisors, which is
explained more fully elsewhere in this manual (see para. 130), many of
the questions by property owners will have been answered prior to
surveying.

Always be helpful in warning traffic of hazards. When driving
z personal or Department car, conform to all the rules of the road; more
than that give way to the other motorist, especially so when driving a
Department car. Try to be of assistance during accidents and helpful
to other motorists who may need assistance., Survey vehicles shall be
parked in such a menner as not to create a hazara to thé public nor an
obstacle to property owners, Many property owners will provide a safe

area if consulted.

130 RIGHT OF ENTRY FOR SURVEY PURPOSES
Existing laws within this State do authorize the Commissioner
or his representatives to make surveys on private properties for highway

purposes. The specific law is hereby quoted: "229:11 Right to Enter.



The Comm1331oner end his agents may enter prlvate lands to make surveys
and establlsh boundarles of highweys. - - )

However, it is the policy of the Department that, prior to
entry on private property, perm1831on.must be requested in every case
from the owmer, or authorized agent by the Survey Supervzsor through
perscnal contact or by malling the adopted form letter contalnlng a
concise descriptlon of the proposed project enclosed'with & returnable
stamped postal card specifically drafted for this purpose. The postal
card bearlng the 31gnature of the 1andowner, or other anthorlzed pa:ty
is authorlzation to trespass, or he mnay defeult by fa;ling to return
card within ten deys. This information w1ll be dlssemlnated to the
Party Chlef by the Survey Superv1sor. '

This rlght of entry mmst be respected to the fullest extent
AS 1t involves property damsge. It 1s_also the pollcy of the Department
that only brush and small trees six (6) 1nches or less in diameter will
be cut in wooded areas. Ornemental shrubs and trees w1ll not be
damaged in any way. Offset llnes must be utillzed to accomplish the
. @bove. Trees lerger than six (6) inches in diameter may be cut only
after epeeiel pereiseion from lendowner is feceivedﬁ The Party Chief
shall 1ncessantly make kis party members cognlzant of the fact that
damage must be m;n;mized Care must be exerclsed to maintaln the
appearance of areas threugh_which & survey is being made in its

original or natural state. Cut brush and trees, survey stakes, risers,



flagging, and debris of any kind, must be reduced to a minimm or
made as inconspicuous as humanly possible in & manner that is con-
sistent with an expedient operation. Special care should be utilized
when work is being accomplished near lawns, gardens, ornamental trees,
ghrubs, ete.

The sssumption that "the State is going to buy it anyway”
should not influence respect toward private property. Line changes
are not uncommon.

The State is liable for any damages to private property by
Department personnel, and the Party Chief should be able to justify the
actions of his crew at all times.

Whern cherry, crab-zpple, or locust trees of any type are cut
or limbed in any area where livestock are pastured, all dbrush must be
removed from the pastured area. This brush can cause death or serious
illpess to the livestock.

Filching of fruit, vegetables, or other crops will be cause
for disciplinary action. There will be no scavenging on private
property.

Avoid littering at all times. Refrain from careless markings
with ersyon, ink or paint on road surfaces, trees, walks, etec, Foor

conduct of this nature reflects immediately upon the Department.

133 AUTHCRITY FOR FROJECT SURVEY
The Iocation Engineer is directly responsible to the Highway

Design Engineer for the conduct and the work of all survey parties



including Consultant Survey Parties. After approval by the Highway

Design Engineer, the Location Engineer, through the Area Survey Super-

visors, delegates the varinsus projects to be surveyed to one or more

survey parties selected to accomplish such work. The verious types

of media commonly used to guide the survey party in accomplishing the

asgigned work are as follows:

1.

Fhotogrammetric plans showing proposed aligmment
geometrically referenced to horizontal control

momments within the project area. Generaliy,

~these monuments are a part of the State grid
'sy.stem.
Aerial photographs including croneflex, showing

_approximate proposed locations with inc}ica‘ted_

limitations referenced to known physical features
on the ground.

Original plans of -certain highweays on which pro-
posed changes are indicated,

U. S, Coast and Geodetic Survey maps, usually

- enlarged, showing epproximate aligmment to be

accomplished,

Traverse lipe plan showing proposed aligmment,

Verbal instructions given by the L.ocation Engineer

- or his representative, Divigion Engineer or his

representative, or any other responsible person
for whom the survey is to be accomplished after

approvel by the Highway Design Engineer,

9



' "The project mmber sheet, plus any of the above media which
originates from the office of the Highway Design Engineer and eventu-
ally received by the Chief of Party, constitutes evidence of authority

for the execution of the survey work.
135 SAFETY PROCEDURES

135.1 TUSE OF SURVEY RODS UNDER HIGH VOLTAGE TRANSMISSION LINES

The dangers of using survey rods under high tension lines
have been heretofore ina.dequé.tely publicized. |

Public Service Compeny of New Hampshire estimates that elec-
tricity will arc from high voltage lines to a metallic conductor at the
ratio of one iﬁch'to every one-thousand volts. The wooden Chiesgo rod
that is in current use by the Department crews could conceivably prove
dangerous if the rod and ground are damp.

All precautions will be taken while working directly under high
voltage lines. At no time will the end of the rod be closer than ten
feet to the lowest wires. |

Direct measurements with rods will not be used in obtaining
elevations of high volté.ge lines, The only acceptable methods are by

triangulation or by using the range finder. (See instructions under

para. 220.3.)

135.2 MINIMUM REQUIREMENTS FOR SIGN PRCTECTION
The foilowing eguirment and requirements will be used by all

Survey Parties when working within the limits of the traveled way upon

10



any bighway and is intended to be considered minimm requirements by
the Department.
2 - Metal signs "Men Working In Road" (18")

with stands
10 - 18" GLO CONES
6 - Flags with staff for signs and traffie control
5 - Vests, (flourescent orange)
5 = Helmets (hard hats) *

#(Al11 areas of any construction project shall
be considered hard hat areas.)
135.3 LOCATION AND USE OF SIGNS
-1, | The signs warning the cncoming traffic shall be a
minimm distance of 1500' from any man working in
- the highway with speed design of seventy miles an
hour, and decreasing proportionately acecording to
design speéd and gafety reguirements, and s maximmm
distance of 4500' apart; and if practicsl, shall be
placed in center of road. Under no condition shall
any member of the party attempt to do amy work within
the traveled portion of the road until the signs are
in place,
2., At least two cones will be used in combination with
metal sign; additional cones placed at locaticns

selected by the Party Chief,.



3. Signs shall be moved as the work progresses SO &s
to keep within sbove distances., When the work leaves
the highway, such as a cut-off or lunch hour, etec., all
signs shall be removed and placed so that the traveling

public cennot see orr_rea.d them,

135.4 GENERAL INFORMATION

If, in the opinion of the Party Chief, the signs are not
adequate for the conditions, and the traveling public does not heed
to caution, it may be necessary to employ flagmen or even solicit State
Police or Iocal Police for the necessary protection.

It should be kept in mind at a1l times that when the motorist
is blinded by direct sunlight, it is not safe to be working on the high-
WEY . Usﬁally the progress of the work can be planned to avoid this
gituation.

Survey crews will not work on the highway during fog, ice
and/or snow conditions, or periods of low visibility.

Tn order to further insure the safety of our personnel, and

the traveling public, flashing dome lights on vehicles will be used as

follows:

1. Whenever any of the survey party is working wi‘thiﬁ
the right of way limits of the highway. The vehicle
shell be parked within the signed area.

2. TFlashing dome lights need not be used whenever the

vehicle is parked off the traveled way or shoulders



and the perty is working entirely outside of the

highway right of way limits.

135.5 LIFE PRESERVERS

Survey personnel, while working irn an area that in any way
could be considered a potential drowing hazard, must wear life pre-
servers vwhich are available at Headquarters' Supply Room, through

reqﬁeéts to the Survey Supervisor in advance of needs,

135.6 CARE IN USE OF CUTTING IMPLEMENTS
Extreme care should be exercised in the use of cutting

implements, such as axes, machetes, brush hooks, ete. New and
inexperienced survey personnel should be given special instructions
‘end training in the use of these implements before allowing them to
operate under normal conditions with other experienced survey pérsonnel
during clearing cperations. Under no condition should crew members
using the ebove implements simultaneously be within fifteen (15) feet
of each other in order to avoid accidental lacerations.

_ fhe use of powered chain saws by survey personnel is absolutely

prohibited,

135.7 SAFETY HATS
Safety hats will be worn by all personnel while working on
or visiting construction projects.

All hats and liners will be issued on hand receipts and these

13



receipts kept on file in the Highway Design Office. When an employee,
having been issued s hat, terminates employment he will turn in the
assigned hai: _a.nd liner and reclaim his hand receipt.

It will be the responsibility of all supervisgrs and survey
party chiefs to determine when hats will be worn, and that employees

are utilizing hats at the appropriate times.

135.8 SAFETY VESTS

All Highway Design Division personnel are required to wear the
blaze orange safety vest while conducting their activities on or along
any traveled highwey. During the deer hunting geason all Highway
Design Division personnel are reguired to wear the saiei_:y vegts while
conducting their field activities in any area that is or could be
inhabited by hunters.

The vests can be acguired as negded through the supervisors

from the Highway Supply Room.

139 CARE CF EQUIPMENT

The proper cé:re and use of survey equipment cannot be over-
empnasized. It is the_ responsibility of all employees using the equipmént
to treat it with the utmost cere and to maintain it in first class
condition, The‘_efficiency, rride, and satisfaction of a job well dore
is generelly reflected in the manner in which the eg_u.ipment is mainf
tained. Carelessness with Statg owned :i_.nstrumen{:s and eguipment. wi:Li

not be tolerated, The private use of State owned eguipment for personal

S



projects, or the continual misuse of State owned equipment will be
cause for disciplinary measures or termination.

In addition to observing common sense rules about the care
of equipment, the following suggestions should be given particular
attention:

(a) Wet tapes should be wiped dry before they are

put away. Rub the dry tapes with an oily cloth
‘to prevent rusting.

(b) If possible, level rods should be wrapped or
carried in a case to preserve paint and gradus-
tion marks when transported over long distances.

(¢) Never leave any equipment unsttended where it
night be stolen.

(d) Ice chisels must not be used as prys or to cut
frozen earth. They must be used only for cutting

ice,

1Lo USE AND CARE OF INSTRUMENTS IN THE FIELD
Careful attention to suggestions given herein will save need-
less wear on instruments and reduce the dangers of accidernts to a
minimm, besides incressing the quality and speed of the work.
(a) Equipment should be stowed in the survey vehicle
in a manner that will eliminate unnecessary wear,

Instruments should not be subjected to severe jolts.

15



The self-levelling level must be carried on & cusion
of shock absorbent material, never on the floor of
the vehiéle. Sharp Jjolts can easily effect the
accuracy and adjustment of this instrument by
stretching the fine wires supporting the self-
levelling mechanism,
(b) mTripod: Inspect the tripod legs and shoes. The
leg of the wide leg tripod is of proper tightness
if, when lifted to an elevated position, it sinks
gradually of its own weight.
(¢) Instrument case: Handle the instrument gently in
removing it from end returning it to the case. It
is best to place the hand beneath the levelling base
. in handling the detached ingtrument., Considerable
':_pmxience_ig sometimes requires to close the 1lid after
returning the instrument, If properly placed, the
lid closes freely. Never force the 1id, look for
the 6b§%ruction and cofrect it. |
'(d) Mounting instrument: See that the instrument is
Eécurely attaéhed to the tripod before.shouldering
it, Undue haste may sometimes result in costly
accidents. ‘When scréwiﬁg ﬁhe instruméﬁt on triped
head, it should first be turned in a counterclockwise
-diréction nntil a slight jer or cliék, indicating that

the threads are properly engaged,

16



(e) Sunshade: Always attach the sunshade regardless of
the kind of weather. It is part of the £elescope
tube, In attaching or removing the sunshade or
object glass ;:ap, hold the 'belescoiae tube firmly
with one hand and with the other hand twist the
shade or cap to the right to avoid unscrewing the
object glass cell,

(f)} Carrying the instrument: Do not carry the instru-
mént on the shoulder in passing through doorways or
in climbing fences, Before shouldering the instru-
ment, clamp the upper motion leaving the lower motion
free;‘ lightly clamp the telescope with the eyepiece
down. When the level is carried, the motion should
not be clamped. In passing through timber with low
branches, give special stten‘bion‘to the instrument;
carry it under the arms with the head visible. Before
climbing a fence, set the instrument on the opposite
side with ti-ipod legs well spread.

{(g) Setting up in field: When setting up in the field,
bring the tripod legs to a firm bearing with the
plates,approximaté;l.y level. Give the tripod legs
additional spread in windy weather or in places

vhere the instrument may be subjected to vibration

17



(h)

(1)

(3)

(k)

or other disturbances, On sidehill) work, place

~one leg uphill. With the level, place two levelling

screws in the gene:al direction of the line of levels.
On pavemenﬁ iﬁ sunny weafher, or unde; nost winter
conditions, use "shoes” (flat wooden élats) under each
leg to preveﬁt seftlement.

Use instrmment cover providéd'when conditions warrant.
If the instrumeqt should get wet,_thoroughly wipe it
dry before returning it to the case. Take the instru-
ment indoors at night for further drying if necessary.
Manipulation of instrument: Cultivate from the very
beginning the habit of delicaﬁe panipulgtion of the
instrument, Rough and cargless‘treatment of field
instruments is characteristic of aﬁ unskilled observer.
Flate 1evell;ng screws: In levglling thelinstrument,
the levelling screws should be brought just to a snug
bearing. If screws are too loose, the instrument rocks
and accurate work cannot be done, If too tight, the
instrment is &amgged and the delicacy gnd accuracy of
the observetions are reduced. Much needless wear of
levelling screws may.be avoided if the tripod head is
brought about level when the ingtrument is set up.
Eyeplece: Before beginning the observations, focus

the eyepiece perfectly on the ¢ross hairs. This is

18



(1)

(m)

best done by holding the notebook pege, or other
white Object'a foot or so in front of the object
glags or By sighting at the sky, so as to illuminate
tie ﬁaiis,.and then, by means of the eyepiece slide,
focus thé micrbscope on a speck of dust on the cross
hairs near the middle of the field., To have the
focusing true for nstural vision; the eyé should

be momentarily closed severél times between observa-

'tions in order to allow the lensés of the eye to

assume their normal condition. The omission of this
precaution strains the eye and is quite certain to
cause parallax. After the eyepiece is focused on the

: 5
cross hairs, test for parallax by sighting at a well

' defined object and observing whether the cross hairs

seem to move as the eye is ghifted slightly., Hairs
should remsin on mark.

Magnetic needie: Should alweys be secured except
when actually in use, " Always 1ift the needle before
shouldering the instrument.

Lenses: Do not remove or rub the lenses of the tele~
scope, If necessary to clean lens, dust first with
& soft, clean camels hair brush and use a very soft

cloth with caution to avoid scratching or marring

19



the polished and coated surfaces.
(n) The apparent cause for the major proportion of

survey egquipment repair costs is the direet result
of carelessness or the lack of adeguate consideration
in surmounting obstacles such as stone walls, all types
of.fences, rocky precipitous areas, shalloﬁ stream beds
with unstable footing, snﬁw covered icy areas as well
as icy sreas, ete. It is the sole responsiﬁility of

: the transitman to anﬁicipgte the seriousness of these
obstacles when carrying a precision instrument and to
utilize sssistance of other member; of the party to
essure absolute security of fh? ins@rument. It is

‘.also the responsibility'of the Party Chief to insist

constantly the above precautionary measures be fulfilled.

10,1 TESTING OF THE INSTRUMENT

‘Surveying instruments should be tested frequently, but adjusted
only when necessary, The surveyor who‘is thoféﬁghly familisr with the
condition of his instrument can get excellent results even with an
instrument which is not in perfect adjustment. Adjusting one part
usually affects other parts. An instrment which is badly out of
adjustment should be brought to the survey stock room in Concord for
exchange. The following instructiéns are included for simple field

adjustments.

20



In testing an"instrument,vthese precautions should be
cbserved,

1. BSet up in the shade, but in good light.

2, Set vp on firm dry ground.

3. See that the tripod legs are wvell spread and firmly

planted and that the metal tips are secure.
A. See that tripod plate is nearly level, tripod screws
well tightened, and the instrument firmly screwed on.

5. Carefully lgvel the instrument.
6. Goc through 21l tests in order as given in "Adjustments"

in the pages following.

10,2 ADJUSTMENT OF THE TRANSIT
Order in which the various edjustments should be made:
1. AdjﬁStment of the plate bubbles. Set up the transit
and bring both bubblés to the center of their tubes

by turning the levelling screws.

(a) Rotate the instrument sbout its verticel axis
through 180 degrees or half way around and note
any movement of the bubbles away from the centers
of the tubes.

(b} Bring the bubble of eaéh tube back one-half of the
distance that it moved by turning the capstan screws

at easch end of the bubble tube.



3.

(¢) Relevel and rotate the instrument sgain and make
a similar correction if the bubbles do not remain
in the center of tube.

{(d) Check final adjustment by noting that bubbles remain
in the center of tubes during the entire revolution
about the vertical axis.

To meke the vertical wire lie in a plane perpendicular to

horizontal axis, see that parallax is eliminated. Sight

vertical wire on some well defined point and, with the
lower motions clamped, rock the telescope slightly up and
down on its horizontal .axis. If the instrument is in
edjustment, the vertical wire will follow the point through
its entire length.

(a) If it does not, loosen the screws holding the ecross
wires and slightly rotate the ring by tapping lightly
on one of the screws.

(b) Repeat process until the adjustment is satisfied.

To make the line of sight perpendicular tc the horizontal

axis {double centering).

(2) Sight on a point not less than 300 feet distant and
clamp both plates.

(b) Plunge telescope and set another point at a distance
equal to the first distance, If the instrument is in

adjustment, the two points set and the point over



(e)

(@)

(e)

(£)
(g)

which the instrument is placed will lie in a

straight line.

Unclamp lower motion, rotate the instrument sbout

its veftical axis, sight at the first point, and
clgmp.

Plunge telescope and obgerve gecond point, If
instrument is not in adjustmenf, the intersection

of the cross wires will fall to one side of the second
point, and one-fourth of the distance from the last
point sighted towards the firgt point will be the
correction,

Move the wire reticle horizontally by loosening the
screw on one side of, the telescope tube and tightening
the opposite screw until vertical wire appears to have
moved to corrected peoint.

Repeat the operation until no error ié observed,
Repeat test under {2) since the vertical wire may

have rotated during sbove adjustment.

Adjustment of standards. To make the horizontal axis of the

telescope perpendicular to the vertical axis of the instru-

ment.,

(a)

Sight with the vertiecsl wire on some high point (at
least 25 to 30 degrees above horizontal, and clamp

the plates),



5.

(b} Depress the telescope and mark a second point at
about the same level as the telescope,
(e) Plunge the telescope, unclamp the lower plate and
rotate the instrument about its vertical axis.
(d) Sight on the first point. Clamp the vertical axis
and dé:press the telescope. If the vertical wire
intersects the second or low point, the horizontal
axis is in adjustment.
(e) If not, mark another low poixt on this line and note
the distance between new point and original point.
(£) Adjust by turning the small capstan screw in the
adjustment-Y~bearing 2%t one end of the horizontal
axis to correct the error which is ome-half this
distance.
Adjustment of telescope bubble, The telescope bubble of
the trangit is adjusted by the peg method which is described
in the adjustment of the Dumpy level. Set the cross wire
on the true reading and move one end of the bubble tube
vertically by means of the adjusting nuts until the bubble
js in the center of the tube. Repeat the test until adjust-
ment checks.
Adjustmeﬁt of the vertical circle vernier,
(2) Bring the bubble to the center of tube., Read vertical

circle vernier,



Tb} If it does not read zero, loocsen the smell
cepstan screws holding the vernier, and move
the vernier until“it reads zero, tighten the
screws and read the vernier with all bubbles
in the center of their tubéé to make sure tﬁe

edjustment is correct.

140,3 - ADJUSTMENT CF THE DUNFY LEVEL

THE DIRECT, OR "PEG," ADJUSTMENT - To make the Line of Sight
Perallel to the Aixis of the Bubble. Select two points A and B, say,
200 feel or more gpert. Set up the level close to A so that when a
rod 1s held upon it the eyepliece will be about a guarter of an inch
from the rod. Lock through the telescope wronge-end-to at the rod.
and find the rod reading st the cross-hair, if visible, otherwise
-the reading opposite the center of field, After a little experience
it will be found that this can be done very accurately. Owing te the
fact that only & small portion of the rod is visible it will be found
convenient to set a pencil~point on the rod at the center of the small
field of view, Turn the telescope toward B and take a rod-reading
on it in the usual way, being certain that the bubble is in the middle
of the tube. The difference between these two rod-readings is the
difference pf elevation of the tﬁo points_plus or ninus the error of
adjustment. The level is next taken to B and the above operstion is
repeated. The result is the difference in elevation minus or plus

the same error of adjustment. The mean of the two results is the
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true difference in elevation of points A and B, Knowing the differ-
ence in elevation between the two points and the height of the instru-
ment sbove B the rod-reading a."t: A which will bring the target on the same
level as the instrument msy be computed. The bubble ls brought to the
center of the tube and the horizontal cross-hair raised or lowered

by means of the adjusting screws on the cross-hair ring until the line
of sight strikes the fa.rge't. In this method the small error due to
_curvature of the earth (nearly 0.001 ft. for & 200 ft. sight) has

been neglected.

EXAMPLE.

Instrument at A.

Rod-reading on A = 4,062
Rod-reading on B = 5.129
Diff. in elev, of A end B = 1,067
Instrunent at B.
Rod-reading on B = 5,076
Rod-reading on A = 4,127
Diff, in elev, of B and A = 0,949
Mean of two diff. in elev. = 1,067 + 0.949 = 1,008 true 4iff, in elev,
2

Instrument is now 5.076 ebove B,
Rod-reading at A should be 5.076 - 1.008 = 4,068 to give a level sight.
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The peg method may be used for adjusting the wye level or
the transit, the difference being that in the dumpy level the axis
of the bubble tube is first made horizontal and then the line of sight
'is brought parallel to it, while in the wye level and in the transit
the line of sight is first made horizontal and then the axis of the
‘bubble tube is made parallel to it. Conseguently, in adjusting the
-dumpy level-the cross-hair ring is moved, whereas with the transit,

or the wye level the adjustment is made in the bubble tube.

140.4 THE SELF-LEVELLING LEVEL
| Before it is assumed that adjustments are necessary, it is
.esgential to make sure that any apparent need for adjﬁstment is
actually due to the conditions of the instrument and is not caused
by deficiencies in the test. To test an instrument prbﬁerly, observe
the féllcwiné pfecautions: |
1. Choose a firm support for the instrument. Usually
this can be found only outdoors. The fioor of a
building, even when made of concrete, wili deflect

when the observer moves arcund the instrument.



If possible, choose & cloudy day. If the sun is
shining, the work must be carried out in the shade,
but in good light.

The instrument must heve time to accommodate itself
to temperature. This requires 30 mimutes to an hour,
depending on how great a tgmperature difference exists
between the place of storage and the cutdoor temperature,
The operation of many automatic levels is ve;yAerratic
during periods when the temperature rénges from near
zero to sub-zero,

Be on the lock out for creep when adjusting the eircu-~
lar level., Creep is caused by tripod@ settlement, or
by the temperature of the instrument changing. This
is particularly apt to happen'if the instrument has
Just been brought ocut-of-doors or is exposed to body
or other radiant heat. After setting a bubble or tﬁe
line of sight, let it stand a few seconds to see that
no movement occurs.

For adjustment of self-levelling level, see instructions
included with each instrument.

It is recommended that the three blued screws that

regulate the function of the levelling screws be
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constantly checked for looseness. These screws,
located on the lower side of the base plate, must

be adjusted only with the tools furnished with

instrument.
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ikl ” CARE AND USE OF STATE OWNED BOATS

The rowﬁoats that are to be used for su:vey purpose are
stored when not in use at the stake shed near the Highway Garage.
Arrangements through the Survey Supervisor may be made to procure the
boat and affiliated equipment. The boat racks, ropes, oars, énd life
preservers are stored when not in use at the John 0. Morton Building
Supply Room. The above equipment must be returned promptly to these
areas when the current work has been complefed.

After each day's use, the boat and affiliated eguipment
mast remzin in the protective custody of the Party Chief and not

left on the site of operation overnight. under any condition,
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142 CARE AND USE OF STATE OWNED VEHICLES

Each party chief is assigned a State owned vehicle to
transport survey.personnel and eguipment for the execution of
the work assignment. This vehicle should always be cared for
and treated in a superior manner, It should always be kept ih
a good state of repair and properly lubricated and maintained
as prescribed within the owner's manual.

The following simple precautions and preventative

maintenance measures are worthwhile:

1. Use of another member of survey party, stationed
to the rear of vehicle, to guide operator of
vehicle in backing into hazardous or questiomnable
areas.

2. Use of extreme care in driving over woods roads,
and the alike, to prevent damage to underside of
vehicle,

3. Maintain recommended tire pressures.

L. Applying a few drops of oil on door hinges, door
locks, ete.

The Chief of Party is solely responsible for the proper

care of the assigned vehicle,

No person will be issued an application for State Vehicle

Operation unless he has been employed by the Highway Design Division



at least six (6) months.

A1l vehicles brought to the Concord Highway Garage for
overnight parking must be locked if left outside in the parking
lot and the key must be placed on the rack inside the garage or
given to the watclman., Otherwise, the vehicle mist be left inside
the garage,

Use of eny State vehicle to tow or push other wvehicles
is prohibited.

It is imperative, after taking all the necessary survey
equipment from vehicle during any time of the day's work, whether
working near or away from vehicle, that survey personnel habitually
close gll vehicle doors, windows, and tail gate., During hot simmer
days, the windows ecould be down a short distance to allow for some
circulation., When the work to be performéd is some distance from
the parked wvehicle, the vehicle should be locked to discourage

pllferage,

142.1  GOVERNING POLICY

The following policy shall govern the use of State owned
motor propelied vehicles:

"Any officer or employee of the State of New Hampsuire
who uses or authorizes the use of any State owned vehicle, or of
any motorized leased wvehicle, for other than official purposes -=-

shall be subject to penalties of applicable sections of Rule VIII
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of Personnel Rules as adopted November 1951,"

State owned or leased motor wvehicles shall be used only
for official purposes. It is State policy to interpret the term
"official purposes" strictly. The use of official vehicles for
such purposes as attending to personal business affairs, attendance
at luncheons or other social engaggments, pleasure trips and the
alike, is obviously not for "official purposes” and hence illegal.
Employees and officials using, or authorizing the use of, official
vehicles have the primary responsibility of assuring legal use of
such ﬁehicles. Official apd non~official business must not be
interudngléd. |

Employees® families or other individusls not on official
business shall not be permitied to travel in State owmed vehicles
.except when so authorized by their respective Department Heads.

Any such authorizations shall be for individusl trips involving
special circumstances that justify en exception to the general policy.
of not permitting travel in State vehicles by other than State
employees on official business,

A State owned vehicle shell be operated in & manner con-

sistent with applicable N, H. Motor Vehicle Laws and Regulations.



ihs FIELD NOTEBOOKS

The field notebooks become a nmatter of record and therefore
should receive congiderable attention, forethought, and planning as to
their organization and completenéss.

They should be stored in a book box, along with an accurate
record of all books handled by the Chief of Party, and not left on the
seat of the wvehicle.

The first lined page, and page mmbered 1, if it is entici-
pated that the space will be needed, will be set up as the index page
or pages. The index shall be complete and as informative as possible
(see Flate No. 1).

Within any section of the notebock, when revisions or corrections
are necessary, they may be made by lightly crossing ocut the original in-
formetion and entering the new information adjacent to it, It may
become necessary to cross out an entire page and relocate the infor-
mation ir another section of the book.

At the start of each dasy's work, the date, weather, and the
names and duties of each member of the survey party shall be entered in
all books used that day. This is a very simple procedure and yet it is

vitally important that it be followed to the letter, NO OTHER METHODS

OR DEVIATIONS ARE ACCEPTABIE. (See various Plates within this manual,)

Notes should never be crowded. They should be neat and

legible. A soft leaded pencil, about a 3-H must be used for ncte

keeping.
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The notes for each geparate operation of a survey on a
given project must be identified properly by the entries at the top
of the left-hand page. It should include the name and State number
of the préject and its-character of work, such as "Aligrment." The
next and following pages throughout the alignment notes, or whatever
the type of work may be, should be marked "Alignment Continued" or

"Sections Continued,” ete. If it is necessazw;‘at some later date
for various reasons, to continue the aligmment in another section
of the bock, the above procedure would be maintained, in addition
to complete cross referencing in both sections.

All guperseded notes of record mmst be marked superseded
and cross referenced fully.

Aligrnment and detail notes should be recorded in book(s)
separate from bench lines and leveling notes.

Green pencils will be used in the field when editing
notes in the notebooks., Red pencils will be used by the office

forces only.
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150 ADMINISTRATIVE REPORTS
The Chief of Perty is responsible for many asdministrative
reports, most of which are periodic. It is imperative that these reports

be completed fully, concisely, and promptly.

150.1 DATLY REPORT OF SURVEY CHIEF (HDPC - 124 REV,)
a. Preliminary Card (yellow)
b. Construction Card (blue)
¢. Finals Card (pink)

These cards st be filled out completely, correctly, legibly
and in ink, mailed or sent to Highway Design Office, John 0. Morton
Building, Concord, New Hampshire, et the close of each day or no later
then 7:30 a.m. the following day, except that the last two (2) days of
the pay period will be retained by the Chief of Party, or acting Chief of
Party, and submitted attached to his time sheet.

Special emphasis will be made in reporting aceomplishment for
each day. Quantitative remarks for any type of work, where applicable,
mast be included daily so that composite figures taken from the cards
after the completion of the project will represent accurste values for

each phase of survey work, THIS IS A MUST!

The following meal coding will be shown on cards after individusis

name (see example on Page )
M-i Meal purchased in restaurant
M-I1 Iunch carried when restzurant not
availsble
M-ITT Lunch carried - no charge to State
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M-IV On expenses paid by State
On designated inoperative days of & survey crew, Party Chief
mist £il1 out a preliminery card showing disposition of his assigned

crew,

For military leave, sick leave or annuel leave, without pay,
insert "No Pay" opposite man's name in box under annual leave and sick
leave. Designate under remsrks the kind of leave taken if other than
annuatl or sick,

On daily construction report card, when applicable, indicate
the following:

&, Center line stage for gravel or paving:
Indicate whether center line is for
gravel, pavement, base course, binder
course or wearing (final) course.

b. Blue-tops -~ indiecate mmber of stakes per
station being set,

When two or more projects are worked on in a given survey party
dey, divide the day into halves and submit appropriste card for each half
dey. Show as follows: DAILY REPORT OF SURVEY CHIEF (1/2 DAY).

Preliminary cards will be used on code numbers not having an
assigned town or jroject number, Opposite "Town" write in Engineering;
under code use code number such as 839, ‘and under remarks write the

Town where work was performed.
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Daily report cards without stamps will be used in the Concord
ares, and in areas designated by the Survey Supervisors.
A1l Party Chiefs will be held directly responsible for the

processing of all daily report cards in accordance with these instructions.

150.2 VEHICLE MILEAGE REPORT (HMD 172-REV. 66)

This report will be completed and forwarded, by mail or other
aveilable means so &8 to reach the Highway Design Office no later than
Monday morning of each week. Be certain that the daily "out mileage"
reading shown on daily report card sgrees with resultant mileage figures
shown on mileage report. An adequate description of travel must be
shown by day on the reverse side to doctment the miles reported. The
columms on front of the form, for gas and oil, are to be filled out only

for gas and oil purchased in public stations. The back of the form must

- be filled out for "point to point" net mileage listed separately from

"on the job mileage,"

150.3 STATE MOTOR VEHICLE ACCIDENT REPORTS

1. All accidents will be reported on Report of Motor Vehicle
Accident forms. These forms will be filled out completely or as much
a5 possgible,

2., Witness sté.tements will be db‘ba.ined, if :ﬁossi‘ble, and
forwarded with the accident report.

3. Four coples of every accident report are required by

this office.
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L, A1l accident reports will be forwarded within 48 hours,
to State of New Hampshire, Department of Public Works and Highways,
John O, Morton Building, Highway Design Division, Survey Section,
Attention: Assistant Location Engineer.

5. Blank forms of Motor Vehicle Accident forms will be

carried in all survey vehicles., Extra forms can be procured from the

Survey Supervisors.

150.4 MOTORIST ASSISTANCE REPORT
This form ms_t be filled out completely upcon completion of
each assist and forwarded through your Survey Supervisor to the Iocation

Engineer at Highway Design headquarters.

150,5 PERSONNEL ACCIDENTAL INJURY OR OCCUPATIONAL DISEASE

A. TFORMS

1. 8a WCA - To be made out by injured employee and signed
by him. If he is unsble to do so, the Chief of Party
or Superviser can make it out, with a note of explana-
tion ‘-attachgd. Supervisor or Chief of Party will sign
on employer's line,

The Employer's copy (white) is to be forwarded to
Highwey Design Division, Survey Section, Workmen's
Compensation Agent. The Employee's copy (yellow) to

be given to the employee for his record, This form
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will be used alone only where no treatment is

required beyond first aid in the fleld, and where

-no doctor is involved.

8-WC - The Survey Supervisor or Chief of Farty will
£i1l out this form with all the necessary informa-
tion to substantiate the claim for Workmen's Com-
pensation, The physician and hospital name and
address is essential. The Labor Departmeﬁt copy
(white), Insurance Cleims copy (yellow), and
Erployer's Copy (pink) are to be forwarded to
Highway Design Division, Survey Section, Workmen's
Compensation Agent. All witnesses to the accident
must make out & statement in their own handwriting

and forward with this form.

B. INSTRUCTIONS

1.

Chief of Party will forward 2ll accident forms and
statements through his Supervisor or U, S. Mail
Service to reach the Highway Design Division, Survey
Section, Workmen's Compensation Agent, Concord,

N. H. .03301, within 36 hours or less, after an
accident. Blank sccident forms will be issued,

&s needed, to Chiefs of Party by their Supervisors,
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2.

3.

Survey Supervisors will personally investigate and
submit a full written report to his Workmen's |
Compensation Agent, concerning all accidents to
employees under hig jurisdiction.

Survey Supervisor will notify his Workmen's Com-
pensation Agent when an injured employee under
his jurisdiction will he absent from work seven
(7) consecutive desys or more, and notify the

date and time when he returns to work. THIS IS

A MUST,

C. GENERAL INFORMATION

l.

2-

Injured employees disabled over seven (7) consecu-
tive days will be placed on Workmen's Compensation
and peid in a.ccorda.ncé with Workmen's Compensation
Law. For disability of less than seven (7) days,
gick or annual leave will be utilized, |
A3l reporting forms are availsble from your Survey
Supervisor, or from your temporary sssigned 1_1e'a.d-
quarters. ' _

All bills related to injured énployee will be made
out in his name and forwerded to your Workmen's
Compensation Agent.

To determine the date of injury of an occupational

disease, such as poison :'L\Fy, etc., the first date of
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treatment by & licensed physician shall be taken
as the date of injury, '
5. If additional information is desired, contact the
High\;lay Design Division, Survey Section, Workmen's
_.Ccmpensation Agent, Concord, N. H., through your

Supervisor.

150.6 BI-WEEXLY TIME AND EXPENSE REPORTS
Time Reports on Form No, BWTR 7

Expense Reports on Form No. EWES-TA - Rev. 6/7/65

These fofms must be in the Highway Design Division Office by
Friday and no la'-ter than Monday, following the closing of the pay period.
They must be signed by the individual and initiesled by the Party Chief.
All Daily Report of Survey Chief Cards, Annual Leave and Sick Leave
. Slips must be in the Highway Design Division Office in order to sub-
stantiate the Time and Expense Reports. If a holiday comes at the end
or 'beginning of the pay period, all of these reports must be in by Friday
morning.
The followirig Survey Work Class Codes will be used on Time and
Expense Reports:
111  FRELTMINARY SURVEY
Preliminary Engineering Survey and Property Survey in
support of any proposed Department Construction, Maina
tenance or Public Service Activity. This code will not

be used for survey on any project that has been
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221

224

883
884

advertised for bids, This charge cannot be used on

or after date of advertising.

CMPUTING AND ESTIMATING

Flotting of survey data, etc., in the Division Offices

on projects that have not been advertised for bids,
CCNSTRUCTION SURVEY

All Engineering Survey and Property Survey in support

of & Construction Project that occurs on or after the
date that the project is advertised for bids. This work
includes original survey of proposed borrow and gravel

areas, crushed gravel stock pilles, classified and

~unclassified uncovered ledge.

FINAL SURVEY

J:uki survey work incurred in connection with the Final
Auvdit process. This work normelly consists of taking
final cross sections of completed roedway, pits, and
any other survey that, for reasons of psyment, requires
measurement before and after steges of construction.
Inciuded in this ¢lassification of work is all survey
necessary to establish Reference Bounds for the
completed project.

ENGINEERITNG - Arnusel Leave

ENGINEERING ~ Sick Leave
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885 ENGINEERING - Holiday

- 886 ENGINEERING - Military Leave

887 - ENGINEERIIG - Jury Duty

888 ENGINEERING

Cénipensatory Leave

839 ENGINEERING
(Bousekeeping) Due to inclement weather, unable to
rerform survey work on project, sharpening tools,
cleaning transits, etc. (Book work - computations -
cross referencing, etc., that is pertinent to the
project survey should be charged to the project
under & Work Class Code, such as 111, 221, 224.)

Note: .See Sample Time and Expense Reports

150.7 GRADE STAKES REPORT |

Grade stakes, by number of bundles, on hand at all Division
Headquarters, will be reported to Survey Headgquarters, Concord, N. H.,
the first of each month. This report will be sent to Survey Headquarters

via teletype by the senior Chief of Party assigned to the Division.

150.8 INVENTORY OF SURVEY EQUIPMENT

Al1 Survey Equipment consisting of nonexpendables and specisl
équipmgnt in possession of each State Survey Crew must be inventoried the
Tirst week in Janusry of each year. Inventory forms will be issued, and

the completed forms collected by the Area Survey Supervisors.
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150.9 EMPLOYEES' RECORD FORM
This form will be submitted to the Survey Office, Concord,

by the Chief of Party for all persomnel in his party who are either

reporting for work, terminating or transferring to ancther Division.

150,10 IETTER OF TERMINATION
An employee who is terminating his services is expected to
submit & letter to the Location Engineer on. standard size paper

(8%" x 11") at least two weeks prior to his terminstion. The letter

will state the date end hour of his termination.

L6



155

REPORT OF STOLEN EQUIPMENT

The following procedure will govern the action of survey

parties, including those private parties contracted to do work for

the State of New Hampshire, in reporting violations such as stealing,

willful destruction, etc.,, of State owned property, especially the

survey roadway safety signs and accegsories.

1.

Irmediately record all pertinent informestion that

will expedite the apprehension and arrest of such
violators., Be specific as possible as to the number
and type by description of the items involved, and
every detail concerning the violator, or violators,
including name if available, Include the full names

of all witnesses and the name of the Area Survey
Supervisor who has jurisdiction over the work being
performed. In most cases concerning safety signs

and accessories, individuals commit these violations
with or from a vehicle, thus time is of utmost importance.
Ascertain the data on the registration plates, plus any
other features of the vehicle itsgelf,

Immediately relay this information by telephone to the
Location Engineer's Office. The recipient there, in

turn, will relasy it to the State Police,
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160 NEW HAMPSHIRE PLANE COORDINATE SYSTEM

With the ever increasing land values and the more complex
and critical construction design standards, it is no longer permissive
to execute highway surveys with the short-range objective of serving
only the immediate needs of construction or to base them on assumed
borizontal and vertical data. Whenever it is possible, utilize
datum which is part of the State Grid System. With this in mind, the
Department, through the utilization of the geodimeter crew, and the
contrecting of consultant firms to furnish aerial photogrammetric plans
to the Department, has expanded the New Hampshire Grid System in various
locations throughout the State,

The sbove indicated trend has underlined the need of converting
existing geodetic positions to plane rectangular coordinates and of
computing and expressing the resulis of precise control surveys in
terms of some standard plane coordinate system.

In the early 1930's the U. S. Coast and Geodetic Survey
established e coordinate system for each Stete in the United States.

In designing the plane coordinate systems, they decided to hold the
distortion between the sea level curved surface of the earth and the
projection plane to less than 1 part in 10,000, Due to the curvature
of the earth, this meant that the maximm width of ares which could be
érojected on & single plane surface would be about 158 miles. Thus, in
the case of a State the size of New Hampshife, this results in & plene

coordinate system, Transverse Mercator, consisting of one zone. The

L8



central meridian is geodetic longitude of 71°-40'-00.000",

Use of the New Hampshire Coordinate System provides the

following benefits:

(a)

(b)

v_(c)

(@

(e)

A1l control surveys are on a single datum, and thus
the relationship of one survey to others is established.
All subgsequent surveys can originate and close at

stations of known position and reliability. Hence

the reliability of the new survey can be easily

determined and approprisate adjustment applied.
Points are permanently located, and can be readily
reestablished if momments are destroyed.

Route gurveys for highweys, or other projécts, can
be started at various points along the route with

assurance that the survey gections will "fit," when

- tied together,

A convenient method for indexing property descriptions,

route surveys, ete., is auvtomatically provided.

For a more detailed description of the State Plane Coordinste

System snd further computations see the "Manual of Plane~Coordinate

Computa‘tion’" UQ'S'OCCGGSJ, SpeC. P‘m- N°¢ 1930

160.1

SPECIFICATIONS, HORIZONTAL

Methods, procedures and equipment used for primary horizontal

control surveys shall be sufficiently precise to insure second order

accuracy.
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If & survey fails to conform to second order standards prior
to adjustment, a.resurvey shall be made,

Béarings, or azimuths, of all lines and coordinates of all
points shall be based on the State Plane Coordinate System without
exception.

Horizontal distances shall be reduced to the State Plane
Coordinate System datum prior ﬁo adjusting the survey by applying:

a) The appropriate elevation factor.
b) The appropriate scale factor.

The survey shall be adjusted by an approved method prior to
computing coordinates, bearings, or distances.

Only coordinates, bearings and distances computed from and

consistent with the adjusted survey shall be used for design or other

purposes.

All subsequent preliminary surveys shall be adjusted to the

primary horizontal control survey.

160.2  SPECIFICATIONS, VERTICAL
Methods, procedures and equipment used for primary vertical
control surveys shall be sufficiently precise to insure third order

accuracy.

If a survey, or any part thereof, fails to conform to third
order stan&ards prior to adjustment, a resurvey ghall be made.
All level lines, loops, or nets shall be adjusted prior to

computing elevations of points on the survey,
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Elevetions of all points shall be based on the 1929 Mean Sea
Level Datum. |

All subsequent level surveys shall be adjusted to the primary
vertical control survey.

Locate points wnere convenient for subsequent surveys where

least likely to be disturbed.

160.3 MONUMENTATION

References for all monuments established as part of the New
Hampshire Grid System shall be made in the field either to permanent
natural objects or to additional points set nearby. TIn addition, =
witness post adjacent to each monument at a conspicuous height above

the ground will be set.

160.h . CONTROL MOWUMENTS FOR INTERSTATE HIGHWAYS

The fact that modern design criteria, especially on Interstate
Highweys, establigh the necessity of extensive right of wey taking of
an irregular pattern, places the ordinary right of way bound in loca-
tions that make them impractical for the purpose of reestablishing the
center line of the barrels, It has therefore become necessary to devise
another method of controls, in addition to the right of way bounds. This
is beiné done by placing monuments (bronze tablets) at or near the
beginning and at the end of tangents, and at intermediate points necessary
because of grade crests, in a manner by which it will be ﬁossible to
sight without obstruction from one tablet to another within the tangent

area. In areas where two barrels of the Interstate Highway are close

o1



together, both barrels may be geometrically related by angie and
distance to one set of control monuments, otherwise, each barrel
will be monumented separaiely.

The monuments must be set in ezrth which is stable and
not subject to movements due to the elements. -Eve:y opportunity to
set the bronze tablets in acceptable ledge outcioppings or permanent
structures that can be occupied with an instrument, will be utilized.
The Highway Design Engineer has delegatgd the responsibility of
selecting monument locations to thé offiéé of the Location Engineer,

For standard specifications of monuments and bronze tablets,
see Plates 65 and 66.

The monumentation and the second order traverse type control
work accomplished with an electronic measuring instrument and compatible
theodolite will be started near the completion of the construction of
Interstate projects. 'The traverse will start and end, properly adjusted,
to existing U.S.C. & G.S., or previously established monumentation, that
is part of the existing New Hampshire Flane Coordinate System.

The sbove conforms with the memorandum of recommendation dated
July 20, 1966, from H. G. Hersey, Location Engineer, to R. A. Brunel,~
Highway Design Engineer, and memorandum dated May 23, 1967, subject:

Right of Way Lines on Plans, from R. A. Brunel, Highway Design Engineer.
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210 ' DEFINITION - PRELIMINARY SURVEY

The definition of & preliminary survey insofar as this Depart-
ment is concerned is ény survey that is ms:de at any t:.me prior to the
advertising date of any ‘Project to be constructed under contract, or the

firsgt day ofw"construc_t'ioh ori pfbj eéts other than contract.'

214 | ‘ GENERAI. PROCEDURE

The notes of the preliminary survey must show the actual
phyBsical ccnd.itions_‘a.s they a:re__,gt the fime the survey is made. Particu-
lar attention must be_ ,gijren to all detai;s‘unﬂgrgroyng, on the surface,
or overhead, which may in anywey g.i‘i‘ec‘b the location of *‘I:h‘e proposed

_highway. The notes must pe, gm@;_ete snd neatly,,entered in the notebooks,

Before sté;fbin_g‘the survey the Chief of Party should have
obtained from his superiors, as previously discussed, (see Section I,
Para. 133) all the necessary information, such as the locationof
convenient U.S.C. & G.S., U.S.G.S. or Department bench marks, project
number. and charge code, and other necessary data,

After permission_ from 211 known 1:_ropt=.-r1:3,_rj owners to survey has
been received, the preliminary survey generally proceeds in the following
manner: .

1. From infomticn‘mentiqr;gd above, establish the center

line througl;out the project; Tirst run in tangent lines.
then station according to.prescribed methods outlined

in this manual, followed by traverse line for closure.



3.
L,

5.

Should any unforeseen conditions, prohibitive in

nature, such as excessive muck, old cemeteries,

municipal weter facilities (wells, ete.) be

discovered during any part of the initial phase
of the survey, they should be immediately brought
to the attention of the Area Survey Supervisor
who in turm will procure further instructions
from appropriate authorities, thru channels,'
relative to the sbove mentioned conditions.

Esteblish bench marks and levels throughout project.

Take detail along main line.

Take cross sections along main line, During this
phase of the survey it is uwsusally advantageocus for
the Chief of Party to have his transitman confinue
with cross sections while he contacts property

pwners for property line information, cesspools,
sewer, leaching bed locations, etc., YROVIDED, he

has not had the opportumity to procure this informa-
tion on days of inclement weather.

Traverse line surveys on side streets, railroad crossings,
ete.

Make grid surveys where reguired.

Meke reconnaissance with Survey Supervisor over entire

project as a check on the completeness of the survey.



"9, Complete check on books for indexing, cross-referencing,
proper page hesdings, dates, lined-out superseded infore
mation, recording book numbers and nesture of work in Party
Chief‘s record book, ete.

10. - All survey procedures will include adeguate chedks‘to &
degree ‘commensurate with the character of the work to

insure the required accuracy.

215 l” . _ o ALIGNMENT
" The alignment on all surveys should be carefully run as it is
the ba81c eontrol for ell phases of the survey.

There are certaln procedures whlch if ecarefully followed, will
materleily inerease the accuracy of line work done with the transit. With
the use of controls set by geodlmeter and theodollte, erTors whlch pre-
v1ously went unnotlced or were ignored became apparent egpecially when
the survey crew is runnlng a llne whlch will close on control points
set by the geodlmeter crew or by consultant photogrammetric Burveys.

The procedures ment;oned he:ea:ter should be followed in all aligmment
. work. | | ) |
- fles to horlzontel contfols, to set the location of the center
llne, w1ll be prov1ded where avallable. When photogrammetry is not
avallable the llne w1ll be shown on other avallable medla mentioned
heretofore. | ' | .
When extenéiog_e tangent, the line shoolo be prolonged by

"double centering” as follows:
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The instrument man sighte on his backsight, telescope erect,
plunges the telescope, and sets a point ghead on line. He then turms
the telescope by loosening the lower motion, sights on his backsight,
telescope inverted, plunges the telescope and sets a second point
shead. The first end second points will rarely coincide. The differ-
ence between the first and second points cannoct be greater than 0.0l
feet per 100 feet of foresight. If this accuracy is not attained the
transit should be releveled and the complete procedure repeated. The
midpoints obtained must agree or the procedure repeated again. When
this midpoint is fieally located it will be a-nail.in a flushed stake
and labeled P.C.T. on the reference stake.

When settlng a P.0.C. (point on curve), the same procedure will
be followed, with the modification of turning the appropriate deflection
a.ngleé. | | o

| A1l eangles will be turned in 2 clockwise direction starting
with the tackeight on the back tangent and proceeding as follows:

Wlth the telescope erect, sight zero on the back tangent
turn the mngle to the forward tangent record the cleockwise angle,
Loosen the lower motion, sight the first point with the telescope plunged,
- and tu:e the angle to the-secend point, When reeding the gecond angle,
care should be taken te read the same vernier as on the first_angie. )
Repeat this pfocedure, once direct, once inverted. Divide the accumu-~
lated angle by four.. The resulting angle must agree with the firet

angle recorded withon 0°0'30" or the procedure repeated.



The point occupied and both points sighted, the observed
angles and computations should be clearly recorded in the fieldbook
&s shown on Plate Nos, 2 ~ 10, incl.

To lay out a given angle, as in setting the head tangent
on a calculated center line: _ )

Sight zero degrees on the given tangent; turn the desired
angle_froﬁ left to. right, so that you always read the left vernier,
with the greatest sccuracy possible with the instrument;_se#,a PQiﬂt,
the greatest distence possible from the transit on the desired forward
tangent. Determine the actual angle established by the method described
sbove. Calculete the difference in the actual and desired éﬁéies, ir
éﬁj. Adjust the point set as required and repeat the procedure again
until %here-is'no.adjqument‘reqﬁired. . .

Horiidntal confrol'mbnuments #ré'plééed at inteffais'of approx-
imately two miles along the existing roa&way ﬁhere photogrammetry hes
beéﬂ obtained. When cenfer line is iﬁlﬁhe'rrbximity of these monuﬁéhts;F
ties to cenﬁer line will be prcvided and used to eorféct-ény'éfrors which
exist in the.field. ‘The tangents will be run in each direction from the
monuments.énd intersectéd‘ﬁt fhe néﬁréét'P.I} t0 the midﬁoint between two
seﬁs of monuments.

Upon completion of the P.0.T. line, stationing at fifty-foot
intervals will proceed, All points will be on flushed stakes with =
reference stake noting the statibn;w‘The staﬁicning will fun iﬁ a south

to north, or west to east directiom.
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'In order to f£ind the flushed center line stake under adverse
conditions, such as deep snow, the following procedure in respect to
reference gtakes, (sometimes called witness stakes) and risers will be |
utilized on every project: risers will be placed ome (1) foot to the right
of the center line steke on tangents and one (1) foot from center line
stakes to the outside of the curves., The reference stekes will be placed
on the opposite side of the center line stake from the riser and six (6)
inches from the center line stake. |

For aligmment, see Plates 2 - 10, inel.

215.1 SURVEY LINE OFFSETS
The center line offset mgthqd most acceptable by this Department
is the right angle offset and will be performed in the following manner:
Set a P.0.T. at "A" and "B," at least 200 feet apart, if
possiblg. Set offset points:Af,and B' at 90f_to the P.0.T's. A and B
at identical distances.from the center line. Using points A' and'B'.ag
control, double center the line beyond the obstacle gnd set points C' énd
D' a minimm of 200' apart, if possible. Points C and D are set back on
center line by reversing thé procedure used to set pq;nts A' and B',
The offset distance will have the greatest effect on this method so the
utmost accuracy in me;suring must be attained.

Other methods of offsetting may be used in isolated cases, but

mast first be cleared through the Survey Supervisor.

& e b &
bY, * 3 3
A g <’ D



215.2 BOOKS OF TABLES
A Survey personnel as well as offlce personnel will use data
“‘frcm HIGHWAY CURVES by IVES and KISSAM and TRANSITIQN CUHVES FOR HIGHWAYS
by JOSEPH BARKETT. - | | |
| IVES and KISSAM tables are based on the arc definition. The
prlnclpal change in procedure lies in the fact that these tables estab-
llsh the 1ength of radlus for a one (l) degree curve at 5729 578 feet (use
5729 58) -
Survey, as well es design, v1ll use the tabular values as shown -
'en Table lO plus the approprlate T and E correctlons as shown on Page
.368 of TVES and KISSAM For chord correctlons, Table II, Page 90,
be used &as shown, however, the pollcy for work in the fleld to establlsh

25-foot statlons w1th1n curvatures 10° or greater w111 be followed.

215.3 - SPIRAL CURVES

 Spiral curves will be utilized on all Primary and Interstate
aligrmment within curves of one (1) degree or more, (see Plates 11 - 21,
inel.) unless otherwise specified. Simple and compound curves will be

used .in &1l other cases,

2;6 o 7 - CHAINING
| | Cﬁalnlng must he carefully done, as‘errors w1ll cause diffi-
cultles through the course of the de31gn, layout and constructlon of -
the proaect. | -
The standard.dreg cﬁein gives an-eccurate measuremeﬁt of 100.00

feet at 68° F. The chain expands at warmer temperatures, and contracts



at temperatures below 68° F. Measurements ﬁmst be adjusted-to standard
températﬁre (68° F.) to be correct. This is most easily done by adjusting
the point on the chain held by the head chaimman to compensate for tempera-
ture. The rate of expansion for most steel chains in use is 0,000 645’
per degree per 100" or 0.0l; per.lé degrees change in temperafure, (see
'Plate No. 63). Thus, at 52° the chain should indicate that 100.01' is
being measured per station., At Oh° dbdve zero, this distance would be
chained 100.04', still = true distance of 100.00'. As the éhain measures
too short at high temperatures, and toec iong at low temperatures {a long
chaln measures short, and a short chain measures long); confusion on when
to add and vhen to subiract the correction often arlses ir the temperature
correctiqn is not applied directliy to each measurement. The observed
temperature, and the correction per 100' that was applied to the chain
should alweys be recorded in the traverse notes. If not epplied directly
to each inéreﬁent measures, the correction must be subtracted when
“measuring” and added when "laying out™ in cold weather.

As an example: A crew measures 473.75' between two monuments
at a temperature of 34° F., applying no correction. As the chain is -
contracted, the temperature correct;on must be subtracted. Campﬁting
the correction: U473.75 _(68-3_&) 0.90061;5 = 0.1039 we find 473.75 - 0.10 =
L73.65' the true distance befween the ﬁonuméhts; To lay out & distance
of h73.75', fhe.crew would have to measure a distance of 473.75! Plgs -
the correction, or h73 85' indicated by the chain,

All cheined measurements should be horlzontal wath the chain

gt its correct tension. The tension required for a 100' steel dhain



supported at the ends varies from 10 to 23 pounds approximately and can -
only be determined by comparisons against other ealibrated chains,

The head chaimman and rear chaimman should use a hand level =
to insure that the tape is level, Sixteen ounce plumb bobs should’
insure & minimm of wind deflection under most conditions. ~ = . -

In uneven terrain, it is preferable to break chain, alweys in
50' increments or less, or to slope chain, provided the vertical angle
can be accurately determined, (see Plate No. 62). Slope chéining,
properly done, leaves less chence for error than breaking chain, and
is p:efe:able for slopez where frequent breaking chain would be required.
The preferred method of slope chainring is with the transit set up over -
the rear point, the rear chaimmen measuring directly to the horizontal
axis of the tran51t and the head chalnman holdlng the foof mark taped
reversed, on & hub and tack. N

| When chaining in the v:.cin:.ty of reilroad tra.cks, UNDER NO
CONDITION will the steel chain be allowed to touch any rall The Chief
of Party will personally direct operatlons involw1ng this work. Crosalng
the two rails 51multaneously'with s metallic object activates gefety
mecbaniams at distant dispatching cenmters. These elarms mst be
immediately cancelled out by the railrosd author:tles causing them
unneceasary expense and lost tlme.

The geodimeter may be utilized to meaaure-#crpss railroad tracks

wHen adverse conditions are encountered.



217 ' - ERRORS
- In the measurements of surveying, instrumental errors arise

from imperfections or faulty edjustment of the devices with which
measurements are taken; personal errors occur through the cbserver's
inability to read the instruments exactly; and natural errors oceur
from variations in the phenomens of nature such as temperature,
humidity, wind, gravity, refraction, and megnetic declination,

MISTAKES are unintentional faults of conduet arising from
poor judgment, or from confusion in the mind of the observer. Mistakes

have no place in g discussion of errors. They are detected and elimin-

ated by checking.all work. -

217, l FRRORS IN TRANSIT WORK

‘l. Instrumentel Errors.‘ The adjueteents, even tﬁough
carefully-made, are never exact leewise the gradu-
ations are not perfect and the centers are not
Ebsolutely true, |

‘ Errors in horizontal angles due to non-addustment
.of plate 1evels or of horlzontal axis become large as

h the angle of 1nclination of sight increases.

a Non-adjustment of the line of szght hecomes of
consequence only when the telescope is not plunged.
‘. Errors due to 1nstrumental in@erfections or non-
adgustments are all systematlc. By proper mﬁthods of
Procedure, ususlly by double-sighting, they may be

eliminated or reduced to a negligible quantity. The

10



" gystemitic part of the error due to inclination of the

vertical exis is eliminated by double centéfing.

In order to minimize instrument emi', the transit
or level shéuid -be checked for a.d:justmenf pribr to the
gtart of each new Job or immediately after thelinstru-
ment has been subjected to abnormally herd usage.-

A few minutes spent with the "peg" test or the

 collimation test will tell whether or not the instru-

ment is badly out of adjustment.

. If the trangit or level is found to be grossly out
et ’-a.d,justment, the instrument should be sent to Concord
for repair, through the Survey Supervisor, accompanied
by ddcmqntat;on_stgting the user's version of ther

instruments faulty .conditions.

Personal Errors. FPersonal errors arise from the

,:limi'l_;_.g.?ions of the Inmman eye in setting up and levelling
the treansit and in making observations, The transit

may not be set up exactly over the point; the plate

bubbles may not be centered exactly; the verniers may
not be set or read accurately; parailax may exist in

~ focusing; and the line of sight may not be directed

~ exactly at the point.

Natural Errors. Sources of natural errors are (a)

settlement of the tripod; (b) unequal atmospheric

refrpction; (¢) unequal expansion of parts of the



telescope due to temperature changes; and (d) wind,
producing vibration of the transit or meking it
difficult to plumb accurately; (e) failing to

observe long backsights or foresights,

217.2 ERRORS I CHANNG
Errors in chaining are due to:
1. Chain not level - use of the hand level, which should
- be frequently checked for adjustment, will eliminate
this source of error.
2. Improper tension on chain - use of spring balances,
when the degree of sccuracy requires, and practice
" chaining over a known distance by the chaimmen will
" eliminate the greatest part of this error.
3. Chain not exactly of true length - usually is caused
* by kinks, but variations are also found in new tapes.
‘4. Twproper temperature corrections - the chain tempera-
“ fure may not be exactly the same as thie chsérved air
temperature, as when chaining on & 50 degree day over
" spow covered terrain. For this reason the temperature,
the correction used, and the conditions should always
" be recorded in the fieldbock along with the measurements.
5. Wind - work can usually be scheduled to avoid chaining
in open terrain on windy days.

6. ZEstimation of hundredths on the ‘chain.



The MISTAKE of the wrong "go-shead" fram a P.C., P.T., or |
P.0.T. can be quickly discovered by check chaining the full distance
from the station preceding the odd staticned point 6 the next even
staticn,

Mistakes made in reading the chain can be discovered by = =
- checking the foot either side of the oné read. Care should be taken
to hold “6,"’ not the end of the graduated extra foot, and to &void
holding "kg" for "50" or "99" for "100" due to the graduated last foot’

on the chain,

218 . meuwcuaTIoN
| When the center line :pf & proposed highway crosses a wide S
channel where a bridge will be Suilt, the distance across the. channel
must be measured with the greatest possible accursey. In such cases
the Locstion Engineer should be informed and he will send the geodimeter
crev to make the measurement. | ' R
In the event that the geodimeter crew is not available, the
distence can be measured by triangulation. - This work should be ddﬁé
with a high degree of accuracy using propér tension, temperature
corrections and a level calibrated tape. The points should be of
reasonable pérmanence’SO as to be of use when the construction survey
or structure layout is made.
It is desirable 'to have two base linés;"ohe on each side of =
the stream, and each of a length about equal to or greater than the

length of the proposed structure. This is not always possible because

13



of terrain or topography.

Both base lines should be measured seversl times or until
the Party Chief feels he has the best average distance. Failure to
attain the proper distance on the base lines could result in an error
of several inches on a long span.

The angles should be turned and read to thirty seconds or
less. The angles shéuld be turned at least six times using the
Plunging method with the first and sixth argles read and the sixth
angle varying not more then fifteen seconds from the first.

When the Party Chief feels the highest degree of accuracy
possible has been attained the computations can be performed in the

field, but the final computa:f:iohs will be done by €.0.G.0.

g BENCH MARK LEVELS

Level work is of the utmost importance, since the grade line,
all earth work and drainage are designed from the level notes. The
Party Chief shall thoroughly train the members of his payty in the
proper me‘tﬁods and accuracy required for_this Work. ‘

It is the policy of the Highway Department to use United
States Geological Survey Datum, ordinarily mean sea level, and mean
low water aleng coast where tidewater is involved, to correspond with
Goverrment charis and maps. A near complete record of all known bench
marks is maintained at the Concord office. A tie-in shall be made to
the datum of eny previcus survey at either end, or crossing, of your

survey,

14
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v 7. Berich marks provide ‘4 series of semi-permanent marks of
réfererice of known accurate’ elevation at frequent points along the
survey line;
" “ Bench marks shall be established at:
(2) ' Approximstely 500 feet intervals in level country. =~
{b) At So-foot dgifference in elevation in hilly country.
“" {e) On urban’ surveys one per city block,

“'{d)" Any others that may be considered useful during con-

: 'étrué“ciﬁn',”:such: as structure locations, grade crossings;
"""" " Two bench marks must be established adjmcent to
structures; one in each side.

ALl 'work involved“in setiing bench marks shall be done with the
:8elf<levelling level, when temperature conditions permit. These levels
can be procured thrdugh the 'Areg” Survey Supervisor from the Supply Room
at the John' 0 Morton Office Bm.ld:mg

Bench marks shall be established on some permenent object
outside of construction limits and should be accessible for cons‘l':r‘uct'ion”'
purposes. Horizontal spikes in‘trees and ‘utility poles will not be used.
Vertical spikes with washers in roots of trees in wooded areas can be’ "
utilized. Trees in inhabited areas must not be scarred in any way. Bench
marks shall be mumbered to agree with the mmber of the full station
preceding it.  The description of the bench mark, stating actusl station
and offset distance, should be completé and accurate. A descriptive
stake may be nailed to bench mark trees in wooded a:rea.é," (see Plate No,

55). Turning points, or T.P.'s, should be established on a firm and

15



distinet point for accurate work. T.P.'s must be mumbered consecutively
from the point of beginning starting with Number 1. They also should be
briefly referenced,

Starting and ending where possible, with a permanent bench mark
of known elevation, & double-rodded bench line is run throughbtt the
project with accuracy consistent to third order levelling, which is
0.05 VM, where M equals the length of the level run in miles,

VWhere there is no permanent bench mark et the end of the
project, to accomplish an accuracy evaluation, the double-rodded Tun
will suffice in most cases. An acceptable bench line run should then
be adjusted as shown on Plate Nos. 24 and 25.

No equations shall be put in & line of levels, except as
explained below.

.If this is not possible, and check 1evéls prove that the
discrepancy lies in the elevations of the two control bench marks used,
then an eguation may be made at the bench mark where the levels are
closed out.

Precautions necessary to assure accurate bench mark levels
include;

1, Balanced backsights and foresights.

2. Meximm sight of 250' instrument to rod.

3. The level rod must be of correct length and gradua-

tion - check it with a steel chain for absolute

length.
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4. Always lightly tap the self-levelling level before
reading, observing that the priem is "floating"
properly as shown by & "float" of several hundredths
above and below the final reading as the level

stabilizes.

220 : TOPOGRAPHY ‘
Topography, commonly referred to as detail, is generally taken
after the completion of the pegging of the center line and the nmm.ng
of the bench line. "Detail ircludes any and all physical feé.‘tur-es,.a.bove
or below ground, adjacent to the proposed center line, as well as Some
features thet are distent, but which will influence the proper design
of the project. Seé Flate Nos. 56-59, incl. for standard symbols.
Following are theé various methods of recording topography
notes in the order of preference adopted by this Department: ‘(Seé
Plate Nos. 26-30, incl.). |
1. Station gnd offset,
2. BSwing ties (two ties to each reference point shown). - =
3. Angle snd taped distance,
L, Stadia,
5. Two angles and base line distance on center line.
Dimensions, wherever aspplicable, must be shown in its entirety.
Descriptive notes should be applied to all buildingé, such as 1 % story
house, wooden; commercial garage, brick, ete, | |
Wells and springs (water) will show dismeter, depth, type of

lining, depth of water, and date,



Lo -

Inform;tloﬁ on 1solated trees, 2 5 feet 1# clrcumference and
over, will show c1rcumference of trunk four (h) feet above ground level,
and type. ééﬁmps w1ll show clrcumference. Ornamental trees, regardless
of size, will show c1rcumference and type. h -

Whenever the proposed project is adjacéﬁ%ﬁfo ﬁfétream, a list
covering five miles -downstream of the various factories or facilities
u;i#g-waﬁer1f;am‘the stream will be recorded in.the notes.  This infor-
matignni§ynggdedﬁas part of the @gologyﬁsgudx.“

o wng. . Locate all private septic.systems within normal survey area
to include approximate.size .of tanks and fields.

... Government bench marks or triangulation stations that .require.
moving must be accurately. referenced to center line; and pencil rubbings
submitted to the office of the Location Engineer. -(Rubbings may be made
by placing a thindghqep‘of;pape;.over,the;disc.aqq rubbing -lightly -with
a pencil). A facsimile drawing shall be made if a rubbing is impossible.

All historical markers will be located and recorded along with
an exsct wording of any inscription(s).

Whenever & proposed location.is adjacent to. an’airport the
following data must be secured in order to determine the glide angle:

1. . The distance from:the end of the runway to the proposed

- center.line. - .. D, e e

‘2. The elevation of the end of the runway. .~

3. Width of the landing saresa and runway.

.- 4. .The eirport boundary adjacent to the project.

18



When surveys are ma.de under winter condit::.ons, nota.tions should
be a.pproprlately entered in the book indlcatlng what survey data, including

cross sections, should be retaken or checked under bare ground conditions.,

220.1  INTERSECTING ROADS AND STREETS

All intersecting roads should be run mrtl. at: least five-hundred
(500) feet fram the survey center line and in cages of possible msjor
al:.gnment or g-rade changes they should be extended to one thousand (2,000)
i‘eet or more, depending upon the na.ture of the possible chs.nges. Complete
survey information should be o'btsined for the fun length of the comnection,
i,e., topogrs.pb,y', property lines, property owners, center line levels
cross sections, etc. Where a la.:rge skew angle is encmmtered considera-
tion should be given to a reloce.tion a.t & more desirable intersecting
angle s and informa.tion taken a.ccordingly.

Where :meorba.nt prima.ry roa.d intersections are encoruntered and
interchanges are a.nticipated a ls.rgc a.rea must be gridded and all topo-
g-rapmf obta.ined In such cases specific instmctions wi].'l. be given by
supervisory personnel -

At highly developed privnte roa.ds and entra.nces a.ligmxent,
topogra.phy, a.nd levels will be teken for epproximtely two-hundred (200)
feet, At other entra.nces, show pluses on ea.ch edge s.nd the ra.nge or
angle of intersection. In ‘both cases show all pertinent infomation con-
cerning surfacing, dreinage, etc., 1] pronsions can be m.de for repla.cing
a.nything disturbed by the proposed construction.

Plste Nos. 28 and 31 show siiggested methods of showing inter-

secting streets, roads or railroads.
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Notes regarding 1ntersect:.ng roa.ds and streets s OT anv inter-
sectlng tra.verse l:Lnes s should show the a.ngle of 1ntersect10n, a.nd the _
’dlrectlon of sta.tionlng of eacn line, o |

When :Lntersectlon of curves is encountered the ta.ngents‘as-
well as the curves will be related by angles, stations-and diStences

a8 -shown on. Plate No. 10.” (AR B L iTman

220.2 | :.I\A{EIHODS U'SED 'I‘O TIE IN PROPER'I’Y LINES TREE LINES E‘I‘C
l‘ a Usua.‘L'Ly the survey crew worklng on a prelm:.na.ry survey does 'A
.not k_now where the ex:.sting rlght of wa.y lines or property lines are
.. in rela.tlon to the proposed h:.ghway center l:me. Therefore, every
tree l:Lne, stone wa.:Ll or iron pm found ad;ja.centto the highwa.y is
treated as though it :Ls or nught ‘be -1 property l:.ne. 7 o
| A line of trees or a woods line mnnmg approxima.tely pa.raJJ.el )
t0 the highwey is loca.ted by a plus a.nd offset at every So-foot sta.t:l.on.
The begmnmg, endlng a.nd a.n;r c_hanges 1n dlrectlon o:t‘ the woods or trees'_
are loca.ted ‘by an "odd“ plus a.nd o:f‘fset If there is & clea.r breal: or
line be.ck ewa;y from the hlghwa.y, the d:.rectlon would be shown 'by a .
range line :Lntersecting the proposed hlghwa.y center l:.ne or 1f the
angle is fla.t enough a.dditiona.l plus a.nd offsets at rn.ght a.ngles to. o
the center l:.ne would 'be ta.ken. : ‘ o
Stone walls ’ fences or a row of bushes could be a property

line, A corner is 1oca.ted by plus a.nd of‘fset at right a.ngles to the o

proposed center l:.ne a.nd 8 ra.nge 11ne :.s ta.ken to shcw the directlon

20



in whiech the line runs. Usuelly the center of the stone wa.ll or row of
bu.shes is a.ssumed to be the property lme | A w:.dth of the wall a.nd
row of bushes should be 'ta.ken. | - -
The ebove measurements would be ma.de w:.th a cloth tape a.nd
read to the nea.rest foot | |
“ Any iron p:.ns o::; stcne monmnents fou.nd -a.re tled by swmg t:.es |
from the cen‘ter llne us:.ng 1 steel chain e.nd rea.d:.ng to one hundredths
of a foot or by a.ngle a.nd d:.sta.nce from .L:.ne, us:.ng tra.ns:.t a.nd steel

chain, The exact loca.tion is very importa.nt

220.3  UTILITIES

The name and address of every utility -having installations in-
the ares being. surveyed shall be listed ‘in the front of the topography
‘book. '

- Utilities located sbove ground - power, teiephone-end teieg:ra:ph
poles, hydrants, etc., should be located by prism or instrument, plus -
and offset, swing ties, or angle and distance;-all dimensions given to.
tenths of a.foot, Always show the utility Company identification and -:
numbers (if any) which ere on the pole. When poles are in joint usage, -
the owning utility is listed first, for example. - a pole used by -
New Englend Telephone, ‘but owned by Public Service Company:

- PSCO .
27
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‘Pole numbering for the different utilities may differ, and may

increase in opposite directions.



:Offsets should be taken tolfhe centér of hydrants, manholes,
ete. The offset to trees and poles will be.taken to thelface.

Utility lines crossing the proposed lscation.should be located
for at 1éa$t 200 feet from center line in each direction, to‘include‘at
least two poles each side thet will not normally be affected by con-
struction, If aﬁ angie point in the utiiity line occurs within two
pole# beyond this distaﬁce, fhe angle ﬁoint and direction and degree
of aﬁgle shouwld bé located. Running a spur traverse along tﬁe pole
line is a convenient method., Poles with guys shoﬁld be noted "guy."
Heavy guying, such as on transmission poles, should be located at the
point of entry into the ground,

Underground utilities (sewer, gas, water, power, telephone,
and petroleum pipe lines) are best located by personnel of the respective
utility. The Party Chief should contact the local office of the respective
utility, identify himself, and make an appointment at a mutually con-
venient day and time to meet representatives of the utility who will
show him the location of the facility by "M-scope™ or other method. The
Party Chief should advise the utility as to the extent of the information
desired so the representative will have the proper information with him
in the field. Usuelly two days-notice will eneble the utility company
to schedule their personnel for this location work.

The preferred procedure in locating underground utility loca-
~ tions is for the survey crew to proceed with the utility representative

to paint or stake the location, then to tie in this location to center
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line or traverse lines. This will cause a minimum of deley for all
concerned, and the utility representative will not be required to wait
while the note keeper sketches in the location.

o | Ma.nhole covers should be removed and invert elevation and
pipe size noted so far as possible, as noted in the section on "Cross-
Sections.”

In urben areas it is advisable to set up a separate page(s)
for underground utilities showing on.ly line sta:b:l.cnmg and utility
locations. (See Plate No. 30) s

Any overhead major utility line - other than service li.nes to
individusl 'bu:.ld:lngs « which crosses the proposed location shall 'be
located and the eleva.t:.on of the wire where it erosses the center line
shall be determined, The follcw:.ng ;ne'.l;l_;ed.,ig usefuvl for determining the
elevafion of overheadutllltylnsta.llatlons aet.any point: set up a
point: a.known distance fromothe center line-of the: utiiity; determine
the H.I. of the instrument, turn the vertical angle to-the wire(s);
compute the vertical distance trigonometrically... A range-finder is also
available for.this purpose and may be obtained through the Survey Super-

visor,

a3



lowest wire.

— T

ool

"X" ft. - to { Transmission line
"H" = X tan 6

"H" + "H.I." = Elev. of wire

If elevation determined is the lowest of severel wires, note
thi=z, and how many wires are installed.

If more than one transmission line is located along the same
right of way, the elevation and location should be determined for each

line,
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222 TRAVERSES

Auxiliary traverses will be established for the purpose of
locating topographic and cﬁltural details, or for the purpose of
closing survey lines by generally accepted methods. (See Plate Nos.

22 and 23).

222.1 TRAVERSE LINE FOR CLOSURE

The closure traverse is run from north to south or east to
west, (opposite direction of center line stationing) primerily to check
the accuracy of the center line by coordinate geometry.

The line generally will follow along the existing roedway,
with even stetions put in at one hundred foot intervals (WoT FLAdGED).
Turning of angles and stationing will be done as one operation not as.
two separate operatidns, Swing-ties will be estzblished at each P.I.
and other intermediate points where necessary and recorded in the
field book. Paint only P.I's.

Minimm detail is tsken from this line to show .m\micipa.l
buildings, churches, structures, existing roadway, and any other similar
prominent items.

The error of closure of the traverse and center line, after the
distribﬁtion of any angular error, will not exceed 1:10,000 on urban and
compact projects, or 1:5,000 on &1l other projects._ There may be special
e;ceptions to this rule, but only if they are sanctioned by the Location

Engineer. {(See Plate No. 60),
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222,2 TRAVERSE LINE SURVEYS

The traverse survey is the basic control, in many cases, for
the future location of the highway cénter line and must be carefully
and accurately run. Generally the traverse line will run along the
existing rosdway in the opposite direction of the anticipated center
line, as it may be utilized as a closure check at a later date,

The a.i‘ea. to be surveyed will be noted on a plan accompanied
by'a.‘ deta.ile& sﬁrvey i-equést. '

The traverse will be stationed a.t'regzla.r 50-foot intervals
with unflagged stubbies to facilitate the taking of detail and amy cross
sections which are requested, If cross sections are not requésted, a
profile will generally be taken. Only P.I's. to be painted.

| Upon cbmpletion of the survey, the data will be submitted
to the Highway Design Office through the Location Engineer, After the
plotting is complete a center lipe will be chosen and the survey crew

asked to make a complete survey about it.

22k BRIDGE SURVEYS

Where stream, road, railrocad, etc., crossings necessitate a
structure certain informa.tion must be accurately cbtained to enable
engineers to adequately design a structure to fit the conditions.

The following information will be taken from the center line
or traverse:

1. A grid of the stream, road or railroad. See Plate No. Lk,



2. Cross sections cutside of the grid coverage, normally

taken for the approaches.

3. At stream crossings, outside of the grid coverasge,

locate and determine the elevation of the stream bed,
glso top end bottom of stream bank, to & distance of
300 feet from the proposed center line,

4, TLocate all ledge outcrops, abandoned piers and sbutments,

and large boulders. |

5. Obtain complete topography, above and below ground.

6. Record approximate location, type and size of nearest

gtructure upstream end downatream,

7. Fill out the Standard Bridge Report Form,

8. Note any other information which may be beneficial to -

the designers. ‘

When the terrain and topography allow numbers 3, 4, and 5, of
the above requests, can be tsken by stadia from the cenfer line or any
other established point. If this method does not appear appropriaste for
the situation a traverse can be run along the edge of the stream, and
the required information taken from it as shown on Plate No. 23,

Sections may be taken from this traverse, in addition to the
" required grid, and all elevations will be related to U.S.C. & G.S. or
U.5.G.S. datum. | |

When the survey line crosses, or is near an existing structure,
locaté'tﬁe édrners of the abutmenfs, ends of retaining walls and record

their batfer. Locate the outside face of all curbing, all angle and
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end points on wing walls, plus any other measurements or information
that would be beneficial to properly design the structure, Use steel
tape measurements and transit angles to locate all points., Elevations
will be taken at all points.

| Speciai in depth surveys may be reguested, by the Bridge
Division, to determine any lateral or vertical movement of an existing
structure. This survey will usually involve complete detail of the
structure, horizentally and vertically. 5etailed instructions will
be furnished to the Party Chief on each project.

Covered Bridge checks are performed periodically as requested
by the Bridge Design Division for the purpose of determining their safety.
Profiles are taken on a previocusly established center line; horizontal
distances are measured from the center line fto the plank arches or

trusses to determine any latersl variastions,

225 _ RAILRCAD CROSSINGS

Where proposed highways are to cross railroad trackage, con-
templating either a grade crossing or a structure, certain specific
information relating to the track sligmment and elevatioﬁs are required.

The procedure adopted by this bepartment is geometrically simple
and produces the required information, Utilizing the gauge line (inside
of rail) of one rail, and beginning at its intersection with the proposed
center line, lay off 50-foot stations along the inside of the rail,

vhether curve or tangent, increasing in one direction and decreasing



the other, from a station of greater wvalue like 20+00.00 or 30+00.00.
The stations may be jdentified with a sharp crayon or cther suitable
marker slong the inside of rail. The distances must be measured with
accuraéy and the marks definite., When this bas been established, the
transit is set up at the above mentioned iniersection point and the
angle of intersection messured (four readings). The same general
procedure is followed when trackage is on curve, however deflections
from station to station of tracksge properly correlated to'the pro-
posed highway center line are taken mnd recorded ‘mppropristely.
Profiles of each rail, along and opposite established stations, will
then be taken.r This procedure should be acccmplished'to each set of
tracks when there 1s more than one set at the same location. The
extent of survey each side of crossing should bé a minimm of 500
Teet., See Plate Fo. 31,

When reconstruction is contemplated at existing railroad
crossings the type of material, such as wooden plank, asphaltie
concrete, or whatever used for the crossing, should be shown, as well
as the dimensiong - length and thickness. In addition, the type and
length of pavement retainer, if other than the plank, adjacent to the

rails should be shown.

226 . CHARNEL CHANGES
Extensive channel change surveys are sometimes required to
conform with highway relocation proposals, Information regarding high

and low water conditions, existing retaining walls, area drainage



patterns, adjacent facilities using water from stream and its purpose,
and any other existing conditions or items that in some way have a
direct bearing on the proposal, ecologically or otherwise, must be
obtained, ‘
Generally a base line survey, tied into eny highway aligmment,
proposed or existing', would be most practical, Secticns at 50-foot
intervaels, or less where required, will be taken from a left to right
progression along the base line at distances that will produce sufficient
vertical information, In addition, profiles, upstream and downstream
beyond the limits of the sections will be taken to a distance of 300 -
500 feet in orde:.r to establish the proper gradient for the chamnel
change. Sections should include all of the existing section of the
stream to be eliminated in order to design changes and to compute

resultant quantities.

227 LANND SURVEYS

At times a complete property survey, plus & plan, is required
to be made by the Survey Section. These are to conform with current
i-egulations as established by law, and the code of ethics as adopted

by the New Hampshire Land Surveyors Association.

228 SURVEYS FOR SPECIAL PURPOSES

In addition to surveys for highway projects, the Department,
from time to time, is obligated to ‘make surveys fo'r.other agencies
within thé éta‘t"e, ordinarily done through the Special Services Division

of this Department.



228.1 HYDROGRAPHIC SURVEYS

l. In waters not affected by tides, the nsusl objective of
the survey is to ascertain water volume or the underwater contour
features, This is accomplished by conventionel methodg: wvertiesl
data by grid or stadia method; horizontal dats by grid station and
offset or stadia.

| 2. In tidal sti'eams, adjacent to existing structures where

erosion exists, periodic evaluations are made to determine any subse-
guent chaﬁges caused by'erosion. i‘his is accomplished by taking
profiles along previously established guide lines so that the infors
mation can be plotted, superimposed. A fathometer is generally used for
vertical data, -

3. In tidal waters where dredging, construction of marinas,
docks, piers, éea.wa.'Lls, groins, jetties,‘réclamation', ete., are to |
be..é.ccczmpiish'ed, iarocedures for éuz;véys can be simple or émupliéa,ted
depending upon the naturé of the project, Under simple operations the
conventional methods explained above can be utilized - under extensgive
operations, it will be necessary to establish an accurate base line net
utilizing multi-instrument procedures in conjunction with a& sounding

yesgel or vessels.

228.2  SKTI AREAS, PUBLIC INSTITUTIONAL FACILITIES, AND PARKS
| l. In devéloping gki mreas conventiocnal methods to obtain
horizontal end vertical data are utilized,

2. Preliminavy survey data réqui.red for the design and con-
struction of many public institutionel buildings and State Parks, is

sceomplished by conventiensl metheods,
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229 _ BORING LAYOUTS

The responsibility of locating boring points, with elevations,
on many structure sites is delegated tc the Survey Section.

The location of these points must be accurately layed out as
deseribed on bridge boring plans which accompany each request. A steel
tape to be used for these measurements, guided by transit measured angles |
and aligrment. Ground elevations at each point, read to the nearest
tenth, and marked on each reference stake., In some cases, it may be
impractical to place stekes at the exact location of the boring, there-
fore it may be necessary to so place other stakes that give direction
and offset information to these points.

The looseleaf field notes, to be returned with boring layout
plans after complétion of layout, will be complete as to descriptioms,
computations, project mumber, date, wea‘bﬁer, names of crew members, ete.

See Plate No. 33.

230 ' CROSS SECTIONS

Cross section levels provide the necessé.ry information with
which to compute earthwork, design gradients, design drainage structures,
and to compute final quantities of work done on highway projects.

Levels will be accomplished with an Engineer's level, reading
all turns to the nearest 0.0l of a foot. The maxirum tolerance of error
between bench marks will be 0.04 of a foot. A rermm will be required when

this is exzceeded.



Rod readings to the nearest 0.1 of a foot will be tmken on
the following items and any other items in the same classification:
ground shots, pavemenf other than concrete, top of catch basins, and
manholes, inlet and outlet flow lines of pipes or small drainage
strﬁctﬁres, underground utilities where obtainable, top and btsttom
of wells, garage or other storage facility floors, water course pro-
files, cellar floors where required, bottom step and top step of all
steps other than concrete. |

Rod readings to the nearest 0,01 of a foot will be taken on
the following: concrete pavement, sills of any building, railrcad

tracks, concrete steps, concrete sidewalks, concrete curbing, etc.

230.1 CROSS SECTION PROCEDURE

It is imperative that the Chief of Party thoroughly instruct
the other members of the crew the method and '_the purpose for taking
cross sections,

Prior to the taking of the sections, care should be exercised
in establishing section lines with a transit or a right angle prism,
depending upon the terrain and other conditions., In thick brush aress
it may be necessary to do some cutting, however this must be held to
an absolute minimm, Radial lines within curve areas will be used for
-sections., When establishing section lines, it is of the utmost impor‘_ba.n—ce
to identify the direction with foﬁnidable "risers,"” either cut saplings

or other suitable material, placed accurately and at meximm distances

Ltay
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from the ce_nter line. When properly done at this stage, these "risers"
become very valusble throughout all subsegquent phases of operations,
ineluding finals, To use any inferior quality of "riser" material is
gsheer wasting of time and money.

Sections are to be teken at least every 50 feet and at inter-
mediate points necessary to provide mccurate earthwork guantities, or to
show salient physical features necessary for proper design., Offset
distances will be cloth taped accurately, using every precaution necessary,
to the nearest foot excepting offset distances to existing items of con-
struction or items of equa; importance, which will be to the nearest 0.1
of & foot., The extent of the section is dictated by the classification
of the project as well as the character of the terrain. This factor will
be discussed by the Chief of Party and the Area Survey Supervisor at the
beginning of the survey.

Turning points should be well described, including station and
offset so that théy may be recovered for checking purposes.

Locke levels may be used to extend sections reasonable distances
from the center line by individuals adequately trained in the use of such
instruments.

So~called "hslf" sections will not be taken when they are to
be used for quantity purposes - half sections can and should be taken on
drives, sidewalks and the alike,

‘So-called "plus-shots™ (above the H.I.) will not be taken -

Locke level or a turn down or up with level must be accomplished.
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 The sbbreviations, where applicable, shown on Plate Nos.
- 69 « 70, incl, will be utilized with section notes to the fullest
extént. Give as much descriptive information as possible over section
notes,

Skew sections along water courses will be taken for proper
drainage design, | |

Three spaces will be ieft between sections of one station to
' seétioﬁs of the next station; twe spaces bétween lines of sections on

the game station.

232 - DEGREE OF ACCURACY AND COVERAGE

Since the magnitude and the requirements of the design criteria
vary prcpbrtippately, generally speaking, ﬂith the classificatiqn of the
highway involved, the dggree of accuracy and the extent of survey coverage

varies asccordingly.

232.1  INTERSTATE AND PRIMARY ROADS - CIASS I

In accordance with paragraph 232, this clegsification demands
~ the highest caliber and the most extensive of all highway surveys,
accomplished by conventional methods. The following guldes will be
:espgcted fully:

.. 1. Error of closure in position, suburban and rural 1/5,000
2. Error of closure in position, urban 1/10,000
3. Error of closure, vertical (third order)
M = distance in miles 0,05 ft.Jﬁ;

4, Detail - Min. distance from & barrel 200 ft.
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5, Sections - Min, distance from$barrel 150 ft.

6. Extent of complete survey on side streets 1,000 ft.
{Primary)

1,500 £t.
(Interstate)

a. Detail - Min, distance from center of
street 100 ft.
b. Sections - Min. distance from center of
street 100 ft.
7. Intersection -~ Grid coverage, min, 200 ft. sq.
(25 or 50-foot intervals)
8. Interchange - Grid coverage, min. Variable
(Limits will be indicated on survey request)
(25 or 50-foot intervals)
(Note: Items 4 thru 8 are to be used as a guide and

are subject to change under certain conditions).

232.2 SECONDARY ROADS - CIASS IT

1. Error of closure in position, suburban and rural  1/5,000

2. Error of closure in position, urban 1/10,000

3. Error of closure, vertical third order 0.05 ft. VM
4. Detail - Min. distance from 150 ft.

5. Sections - Min, distance from 100 ft.

6. Extent of complete survey on side streets 1,000 ft.

7. Intersection - w/grade separation - Grid 200 .ft. min.

(25 or S0-foot intervals)

8. Interchange - None

(Note: TItems 4 thru 8 are to be used as a guide and

. are subject to change under certain conditions).
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232.3 HECREATIONAL AREA RCADS - CLASS 1T

General Procedure same a8 Class IT Roads

232.,4 URBAN OR COMPACT AREA ROADS - CLASS IV

General procedure same as Class I Roads excepting lateral
coverage not as eﬁ:ensive; each project given separate and special con-
sideration end the extent of survey be é.dequate to fulfill the needs.

Error of closure in position will be at least 1/10,000.

232.5 TOWN ROADS - CLASS V

In most cases, these surveys require a minimm of information
to meet the design criteria of low traffic highways. In these cases all
that is required usually is a center line, profile, detail consisting of
traveled way, woods line, walls, existing dra.ina.ée, property lines, fronts
of buildings, and sections where it is necessary to take land beyond
existing right of way.

There could be some projects that would reguire more total

refinement in which case they would be treated accordingly.

232.6 BETTERMENT TYPE SURVEYS

In general this type survey will apply to work performed by
Highway Department Division Forces, where no peyment of final quantities
ere involved, little or no additional land taken, or on projects where re-
surfacing and widening of the present road are contemplated, within the

legal right of way. Where the present legal right of way is of sufficient
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width to accommodate the new construction, the center line and profile
along the proposed construction, with typical cross sections at drivewsys
and intersecting roads or other controls, will be all that will be reguired.

The Division Engineer and the Location Engineer should meke s
preliminary inspection of the roadway site, taking into consideration +the
legal right of way and determine the various comtrol points as well as
any modifications or revisions in aligmment or grade which is deemed
advisable,

The aligmment of the existing roadwey should be generaily followed
with such medifications which will tend to reduce hazardous aligmment, sight
distance and grade, and reduce costs of construction by shortening the
distance or decreasing grad.ing gquantities., Particular care must be used
in fixing the center line on sections where the existing roadway is narrow
in order to establish the line, so as to obtain the best results with the
least amount of grading; this being very essential on steep hillside loca~
tions.

When heavier cuts and fills are necessary and the limits of
slopes fall outside the right of way or when & ghift in aligmment is
deemed advisable, a survey of sufficlent refinement should be made to
obtain encugh data for the preparation of right of way plans to secure
the necesszry width., This taking can alsec be doné by easements;

Upon completion of the survey all of the data will be forwarded

to the Division Office for plotting by the $ransitman-draftsman,
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235 DETERMINATIQN OF AZIMUTH
| POIARTS OBSERVATICHNS

To determine the true bearing of a line from an cobservation of
"Polaris," the surveyor should read the following informatioﬁ and examples
carefully and acquaint himself with the time relationships, Constellation
Charts, and Ephemeris tables,

Special equipment for a "Polaris" obgervation should inelude
two flashlights, transit with a Solar Attaéhment (telescopic reflector
not reguired, but is helpful), U.S.G.S. Quadrangle Maps, and a copy of
current Ephemeris tables, One transit with & Solar attachment is aveil-
sble st the stock room in the Highway Design Division., Gurley Ephemeris
taﬁies are recommended and were used entirely for the examples shown in

this manmumal. Ephemeris tzbles of mskes other than Gurley are often similar

 put not idemtical.

There are three specified times for observing "Polaris": (1)
Cbservation at "Culminations," {2) Observation af "Elongations,"uand
(3) CObservation at "Any Hour Angle," however, the field work will be
the same for all three and should be done in the following manner: |
Establish a base line from 300 to 500 feet in length, laid out
in a general northerly direction and having good wvertical clearance. The
southern end of this base line is the point of observation and is the point
vwhere the transit is positioned. Then with the use of two flashlights,
horizontal angles mey be turned., One flashlight is used to illuminate |

thé-trénsit and the other flashlight is held back of a white piece of



paper which is held in back of the plumb bob string at the northern end
of the base line. The Latitude and Longitude of the point of observation
may be determined by scaling them from a U.S.G.S. Quadrangle Map. In
turning horizontal angles in the field, always turn the azimuth angle
clockwise, repeat this four times, and determine its mean.

For computations of the three types of "Polaris" observations
vrior to and after the field work, see examples Wo, 1, 2, and 3.

"Polaris,”" the North Star which forms the end cof the handle of
the "Little Dipper," is the star usually used for surveying purposes.
This star reveolves, counter-clockwise, about the North Pole in a small
circle whose radius (Polar Distance) is about 52 minutes and whose
declination is its angular distance north of the Equator. When the star
is directly above the pole, it is in the plane of the meridian (bearing
true north) and is said to be at "Upper Culmination." About 12 hours
later, this star will be directly below the pole (bearing true north) at
"Lower Culmination." About half.way between these two positions, this
star reache's its greatest east or west bearing, and at such times is éaid
to be at its greatest elongation, These positions are known as the "Eastern
Elongation" and the "Western Elongation.," See Constellation Charts,
Page 45  through Page_ 48 of this manual. Polaris observations may
be taken at either of the culminations or elongations, as well a.s. at
any desired time that the surveyor may wish to mse; however, since the
field work consists of taking simaitaneous readings of the horizental
angle (azimuth angles taken clockwise) it is apparent that more accurate

results will be obtained if the work is done when the North Star is at

Lo



either "Elongation." At-these times, the horizontal angle will not vary
more than 30 seconds of arc in 30 minutes of Eipe and 1t is therefore
not essential that time be known more accurar';ely than 10 minutes. On
the other hand, if Polarls observations are made at one of the
"Culmirations,” the horizontal engle will vary at the rate of one
ninute of wre in three minutes of time and It ls essential that time

be known to the nearest minute, In general, all prepa.ra.tory_:"ield work
necessary to taking Polaris obzervations should be arranged Beforeha.nd,'
so that the messuring and recording of Polaris angles may be done ag -
quickly as possible,
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235.1 RELATIVE POSITIONS OF NEW HAMPSHIRE AND GREENWICH, ENGLAND !

( Not to scale )
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1 Degree of Arc in Longitude =

L Minut'es of Time

1 Minute of Arc in Longitude = 4 Seconds of Time
1 Second of Arc in Longitude = 1/15 Seconds of Time

1 Bour of Time

1 Second of Time

For Conversions of Arc to Time and Time to Decimal Parts,

15 Degrees of Arc
1 Minute of Time = 15 Minutes of Arc
= 15 Seconds of Arc

see Conversion Tables in Ephemeris Manuals.

L 46" 06 S of Time

Example:

71"31‘30",}nof Are in Longitude =
and LY 467 06% = 4.768 hours =

0.1987 days
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Standard Time is the Mean Solar Time of a Standard Meridian,
legally adopted and, in general, used over the area or zone nearest to
the Meridian. Standard Meridians, beginning at Greenwich, England, are
established each 15° of Iongitude around the globe. The time of each
Standard Meridian, and the zone which it determines, differs by exactly
one hour in time from that of adjacent zones, New Hampshire lies in the
Tastern Time Zone and is entirely east of the 75th Meridian. A moment
of time is given by the year, the day of the month, and the elapsed
time since midnight (Oh} at the beginning of the dsy named. It must
be further defined by the Meridian from which it is reckoned. Accordingly,
"Greenwich Civil Time" (G.C.T.) is civil time reckoned from the moment of
midnight at the Greermwich Meridian; and 75th Meridian Time (Eastern Standard
Time, E.S,T.), for example, is civil time reckoned from midnight st the 75th
Meridian., "Local Civil Time" (L.C.T.) is civil time reckoned from the
precise Meridian of Longitude where an observation is taken.
Example: Longitude = 71°31'30" and Eastern Standard Time

(at the Time of Observation) was found to be

oh 2im 308 p,m,

T5th Meridian - Meridian st Observation =

75°00'00" - 71°317'30" = 3°28'30."

3°28730" of Arc = OP 13® 54S of time, Since

the observed time is p.m., 12 hours is added

to 9B 21 305 = 21h 2™ 305, and since all

New Hampshire Observations are East of the

75th Meridian, OB 13T 545 will be added %o

the E.S.T. for the 75th Meridian, _Therefore,

Local Civil Time = 21 24 308 + oR 13® 548 =
21h 3gm us,



2353 CONSTELLATION CHART No.l
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2354 CONSTELLATION CHART No. 2
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2355 CONSTELLATION CHART No.3
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CONSTELLATION CHART No.4
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235.7

U.C..
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L.C.
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PATH OF POLARIS ABOUT THE NORTH POLE
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236 DETERMINATION OF AZIMUTH -
SUN OBSERVATI(NS -

The most convenient method of obtaining the true bearing of a
line is by messuring a&n altitude of the sun and computing the sun's
ezimth by spherical trigonometry. This cbservation may be made in
a few minutes time while the survey is in progress and is therefore
preferred by many surveyors, rather than by taking observations on
Polaris. Polaris observations consume more time and usuzlly require
a special trip to the point of observation. By observing the sun,

2 bearing of a line may be determined within 2% minutes; hcwev'er, by
averaging several cbservations, a higher sccuracy may be obtained.
Before attempting to calculate the azimuth of the sun, examine the
intervals between the successive watch times, verfica.l angles, and
horizontal angles, These should be very nesrly proportional .ahd if

~ there is any sudden change in relation between these intervals, a
mistake becomes evident and should be investigated. In New Hampshire, -
sun cbservations should be taken between the hours of 9:00 a.m. and
11:00 a.m. or between the hours of 2:00 p.m. and 4:00 p.m., when the
verticel angle of the sun with the horizon is not less than 20° and
not greater than LO®°., Therefore, sun cbservations should hot be
attempted between the dates of No.vember 1l and February 10. Vertical
angles less than 20° have an uncertain parallax correction and vertical
angles over 40° cause difficulty in the use of a reflector card. Sun
cbservations during the middle hours of the day should also be svoided

because the change in vertical angle of the sun is too small as compared



with the change in horizontal angle of the sun.

The surveyor should never asitemmt to view the sun directly
through .tlge_t;glescope of a transit, and it should be also noted that
ordinary sunglasses will not pfovide- adequate protection sgainst the:
brightness of the sun. Most instrument companies make & special colored
viewing gla.ss,.hcﬂeve:_r a piece of any smoked glass will suffice.  With
this colored glass held in back of the eye piece; the surveyor may then.
view the sun directly through the telespope. All three horizontal transit
hairs cannot be seen at once through the colored gless, so care should be
taken not to use a stadia hair by mistake, If-a colored glass is not
available, the surveyor may observe the sun indirectly with a white . -
reflector card or sheet of paper. This reflector card is held about
six inches behind the eyepiece and at right angles to the telescope. Do -
not hold the reflector card too close to the eyepiece of the transit, 'as
the brightness of the sun's imnage will obscure the cross hairs. When the
telescope is moved into position, the sun's.image will flash across the
reflector card and by focusing the eyepiece, a sharp shadow of the cross
hairs .will also be produced on the card. For the exact procedures with a
colored glass or reflector card, see Ephemeris tables.

There are two methods of meking sun observations - (1) by setting
one point of tangency with the transit centered on the sun. This is known
as "Center-Tangent Methed," and (2) by setting two points of tangency
with the transit centered on the edge of the sun. (See diagrams on
Page No.. ‘70 ,) This. is known as the "Quadrant-Tangent Method,” and

ig the only method discussed in this manual, Both of these methéd's’ are
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described in ‘detail in most Ephemeris tables and elementary sirveying
text books. ) o |
© - The first step in taking sun cbservations is to establish &
convenient base line from 300 to 500 feet in length and having good
vertical clearance. The transit may be placed at either end of the
base line and back sights or fore sights may be used as the initial
sight howéver.in 81l cases the horizontal angles must be taken clock-
wise and alweys read the "A" scale. 'Always‘éight on the base line first
before observing the positicn of the sun. In general, all preparatory
field work necessary to taking sun observations should be‘arfahge&
beforehand, so ‘that the measuring and recording:of angles and time my
be done as quickly as possible.” A total of six readings should not take
over 15 minutes. In making sun observations, it is necessary to take
three cbservations with the téleéécpg direct and threé with the'teleéccﬁe"
invérted and taken in disgonal quedrants as shown on éiagraﬁS'oﬁ Page
No._70 . When observations are made in the a.m., use quadrants 2 and
4, and in the p.m., use guadrants 1 and 3., Always be sure that the sun
is in the proper quadrant. The sun moves rapidly in both altitude and
azimuth with the spparent motions being from west to east and vertically
upward in thé a.m. and vertically downward ir the p.m. Because of these
two simultanecus 'motions of thé sun, there is & certain amount of diffi-
culty ‘in setting two points of tangency with the transit; therefore it
is necessary for one member of the sﬁfﬁéy party to hold éhé‘cOIOrEd

glass or white reflector card, while another operates the transit.
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The transitman, after taking a sight on the base line, follows the -
sun's movements both horizontally and vertically until both hairs are
tangent to the sun. When both hairs are tangent, the {transitman calls
"mark" and the time is read. Then the horizomtal and vertical angles
are read and all items are recorded. This procedyre is repeatéd until
all the observations are made.

It i% necessary for the surveyor to have a U.S5.G.S. Quedrangle
Map of the area involved, to enable him to scale the Latitudé and Longitude
of the point of observation. The Eastern Standard Iime should be known
within the nearest lO_mingtes, the approximate elevation of the point of -
observation should alsc be known and can be interpolated from & U.S.G.S.-
Quadrangle Map, and the temperature should be recorded. Before taking
sun observations, fhe surveyor should acquaint himself with the time
relationships, Ephemeris tables, and the example given in this manual,
For time relationships, see Polaris, Page_&é_; through Page_ﬁﬁ__ of this
manual. Gurley Ephemeris tables are recommended and were used entirely.
for the exammple shown in this manual., Ephemeris tables of makes other
than Gurley ere often similar, but not identicel. Tn the case of sun
observations, there are three corrections to be applied to the observed
vertical angle and they can always be found in Ephemeris tables.  The
first correction is for Perallax. It will never exceed 9 seconds and
is always added, The second correction is for Refraction, This correction
is also quite small (minmutes and seconds), is adjusted for temperature -

and elevation, and is always subtracted, The third correction iz for
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semi-dismeter. This correction is not é?pliéd in the“Q,ua.drant-Method“
when op‘po‘sit.e. quadra.ntsfla.re observed. Basically, the surveyor, aéter
taking sun observations, will have to compute the .a.d;j.usted suzi'é
altitude and the sun's declination as part of the field notes; then
from these notes this information 15 put onto a computer input' dsta
sheet. See Page 73 of thig manual, Tﬁe results, sun's azimth, will
be shown on the computer owtput sheet. See Page _'_T_h____of this manual.’
The true bearing of the survey base line can then be .e‘stablished rby

applyiﬁg the horizontsal angle to the sun's azimmth,-
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CONSTRUCTION SURVEYS

SECTION 1



300
301
302
303
303.1
303.2
303.3
303.4
303.5
303.6
303.7
30
- 305
306
307
308
308.1
308.2
308.3
308.4
308.5
309
310

wEx
CONSTRUCTION PLANS FOR LAYOUT WORK
CONSTRUCTION SURVEY REQUEST PROCEDURES
CARE AND USE CF FIELD NOTEBOCKS
INITIAL IAYOUT
REHABILITATION OF SURVEY LINES AND CONSTRUCTION LINE CHANGES
LINE TIES
STAKING FOR RIGHT OF WAY BOUNDS
SIDE-STAKING CENTER LINE
SIDE STAKE LEVELING
KELOCATICN OF BENCH MARKS
RESECTICNING ORTGINAL ROADWAY SECTIONS
STRUCTURE LAYOUTS
SECTIQNS FOR STRUCTURE EXCAVATICN
SECTIQNS FOR LEDGE EXCAVATION
SECTIONS FOR MUCK EXCAVATION
BORROW PTTS
FIELD WORK
USE OF BOOKS
NOTES IN FIEID BOCKS
PLOTTING PTTS
GENERAL NOTES
WASTE AREAS
STAKES AND GRADES DURING CONSTRUCTION

IAYCUT FOR CURBING AND STDEWALKS



313
315
317
320
321

322

STAKING FOR UNDERDRAIN

LAYOUT FOR FENCING ALONG RIGHT OF WAY
ESTABLISHING GRADE FOR PAVEMENT
CENTER LINE FOR PAVING

STRIPING ON RESURFACED FPROJECTS

DEVIATIONS FROM ESTABLISHED FROCEDURES OR POLICIES



300 " CONSTRUCTION PLANS FOR LAYOUT WORK

Thé Party Chief should thoroughly study the construction plans
that are delivered to him during the bid advertising stage. He will
have a set of 50 sczle working plans which have been reduced photo-
graphically to approximately half scale, a set of 5OISCale right of
way prints (where right of way is to be purchased) and a set of 50 scale

bridge plans, where needed.

201 | CONSTRUCTICK SURVEY REQUEST PROCEDURES

A1l econstruction requests for services of a survey party will
be mzade by the Project Engineer directly to the Office of the Location
Engineer. The survey party will thenlaécomplish only that which was

specifically stated in the request, without deviations.,

302 CARE AND USE OF FIELD I\"OTEBOOKS

When contract projects are advertised for construction, the
Highway Design Division will issue to the Location Section all books
that were used on the preliminary survey. The Survey Supervisor will
in turn issue these books to the Perty Chief assigned to the construction -
layout. Additional new or partially filled books will be assigned as
needed, As soon as the State field office is set up, the Party Chief will
store these books each hight in the office saf65 in é'drawer'assigned by’:
the Project Engineer., It is importent to leave the books at the field
office, readily available to the Project Ehgineef or to other survey

crews that may be assigned to the project. Ary transfer of books to the



Concord Office during the construction phese must be made through the
Survey Supervisdr. "When & project is closed down for the winter, the
field books should be returned to the Location Section., This rule will
also apply at the termination of a project, before the contractor moves
out of the field office.

All rules pertaining to indexing, referencing and legibility
found under PRELIMINARY SURVEY will apply to the construction phase,
Other special rules pertaining to the use of notebocks will be given

under the various items of CONSTRUCTION SURVEY.

N

303 : ~ INITIAL LAYOUT
The Initial Layout stage includes all survey items which will

be initiated after the project has been advertised and which will

hopefully be completed before the bids are opened. The items are listed

in the suggested order of ccmpletipn.

303.1 REHABILITATION OF SURVEY LINES AND CONSTRUCTION LINE CHANGES
Any construction line change shown on the plans must be
established in the field as scon as possible, field-closing the layout
to be certain that no mistakes have been made,
Existing eonstruction lines must be replaced as needed, This
will normally be done in stages, as the layout work progresses,
Occasionally a survey crew may be given a construction line
change to stake prior to advertising for bids, in which case charges

will be to the preliminary phase of the project.



303.2"° "LINE TIES
=7 I urban areas’ it is sometimes necessary or more praéfiéal to
use swing ties. Three objects should be located outside of ﬁﬁe ﬁofk aréé;
where tie points can be convenieéntly established for the comirol station.
The angle from the control point tb”éﬁy'paif'éf'éwiﬁg“ties'shéﬂl& be
approximately 60 to 90 degrees. Common SW{hé tie locations are corners
of foundations bf'othef'sihilar'O$jects}“déré sHould be teken that the
points picked are at a level which can be used during all stages of
construction, When using corners of foundations or cdrnéf'beﬁ;dslbf
buildings, it is elso importent to indicate the point from which the
measurement was taken - such as the height above fhéﬁérbﬁha:df the
number“Bfiébnéfétérﬁldcks above the ground,’

*In urban areas it is & must that the Chief ask for permission
£¥om the property owners before puiting stakes of any kind outside of the
Sféféﬁéiéhfﬁoffﬁay.i:Pu%tingitie‘nails'in bﬁiiaings or-iﬁ tréeé ééupeopie's'
lawns is not allowable. | : :

" Any stakes that are“placed on iéﬁﬁs must be driven flush.

o 7Exis£iﬁé l{ne ties should be chéckéd;Lénd'replaééd or-éd&ed to
as needé&;”. - R | |
'*““Wﬁéré'the;é'aréﬂcohéﬁructioﬂiiiné.chaﬁges'{é'ﬁilijgé.ﬂeé;ésafy
to tie out both the construction line and the survey line, since final
cf&és'éeétiohé-ﬁilfrﬁe‘ﬁakehiffdm.thé sﬁrveyriihé;ﬂvﬂ | |
'Sﬁingptiéé féitréesmwili‘ﬂdg be used in“ufﬁéhqarEAS.but?ﬁa§vﬁé'
used in rﬁial-éféé;'on béttermeﬂt.fype surfeyé;br?ﬁs'vefy fémpdrary line

ties on other projects. The nails on trees should be located in such a

(I



marner that it will be possible to reproduce_the distance from the tree
without bending the tape. The tie notes ghould show the size and loca-
tion of the tie nails.

Tig points should be established a maximme distance of 500
feet spart along the center line, The plan profile of finished grade
should be gtudied for the location of vertical curves, in order to insure
level sight distapce between tied out controls, Sharp curves may require
additional ties, where trees or other obstacles may present a problem in
turning off deflections with the transii. Be sure that the nearest tie to .
the center line is located a minimum of 30' outside the slope lines. Hub
ties are preferable, using standard survey stakes or osk hubs driven
flush with the ground, with mils driven through yellow plastic ribbon
warking line and distance on each hub, Three hub ties should be used on
one side of the center line, Where prac£ical, there should be a minimgm of
50' and preferably 100' or moie between each hub. It will also be helpful -
' to place one of the hubs on the right of way line. A reference stake,
slanted toward the hub, will be driven about 3" into the ground beside
each tie point. The reference stake will be marked with dri-merk showing
the station and offset distance from center line, A tell riser flagged
with yellow plastic ribbon will be driven on the oppgsite side of,eﬁch
tie point, |

Hub ties are preferably-set at 90 degrees to the centgr line, and
so shown in the aligrment bock on the sketch pages with the aligrment.

Occasionally it may be necessary to tie out a point on a skew angle, to.



avcid some object such as a large tree, Be sure to show the skew angle
on your alignment sketch., To avoid possihle errors during construction,
the exposed surface of the reference stzke should be marked "Skew Tie,"

See Plate No. 32.

303.3 STAKING FOR RIGHT OF WAY BOUNDS

The survey crew will be expected to set a1l bound points during
the iInitial cOnétruction layout stage, unless the bounds fzll within the
work area., A complete list of bound point locations should be recorded in
the aligrment book st the time of the original stekeout (for the Project
EnéineEr’s use)} and as bound peints are set during the construction stages,
each location should be check~marked, dated and initialed in the book.
See Plate No. 38,

Immediately upon completion of the initial layout, the Chief
of Party will forward to the Location Engineer a list showing the station
' and offset 01 all bound peints that could not be set at that time. Note
the reason why each point could not be set. The Location Englneer will
then send thls information in a letter to the Construction Division.
Bound points that cannot be set at this time will be set at a later date‘
when the center line is being run for another purpose., Center line is
not to be run for the one purpose of setting bound points. A record should
be kept by the Chief of Party of any bound points that have to be reset
because the Contractor has carelessly knocked out the original bound ties.
This record should be forwarded to the Location Engineer aftér the bound

points have all heen set,

N



The sccepted method of settlng bound p01nts is to set a hub
stake at the bound location Wlth straddle stakes. A reference stake
at the bound locatlon should show the station and offset. The straddie
stekes should be set by transit abcut L4 to 5 feet elther side of the |
bound locstion. The line nails on the straddles sheuld protrude about
1/4" above the stakes, The stakes should be firm, but high enough to
eliow stringing ebove the bound location with enough vertical clearance
for & plumb bob. DistaeceS'from'the straddle nails to the bound points
should be measured with a steel tape and recorded to hundredths of a foot
on the inside face of each straddle stake, It is advisable, where bound -
points are located at a considerable distance from the center line, to
leave additional tie stskes, in case the bound straddles are lost.

All bound points should be flagged, using a combination of

green and white plastic ribbon.

303.4 SIDE-STAKING CENTER LINE

As soon as any constructlon line changes hare been completed in
given areas and all center lines have been rehabilitated, reference stakes
(called side stakes) should be set at right angles to each 50-foot con-
struct;on center llne station., These stakes should be placed 30' beyond
the slope line, (Thls will put the stakes 201 beyond the clearing line,
where hopefully they can be saved.) In level country & right angle prism
that has been checked for eccuracy is a su;table instrument for turning

of right angles to tangents and flat curves. Good judgment must be used,



Eoﬁeﬁér, iﬁ the use of this'instruﬁént.' Generally spesking, the prism
is ﬁoﬁ éccufate enough‘for goiﬁg out distances of over,lés', except in -
wide-open fiat country. Care should be éxerciséd, when ﬁsing e prism in
laying out right angles to curves, that the tangent to the curve at a
given station is first established as accurately as possible. On flat
curves this can be done with reasonable accuracy by projecting a line
thru tﬁd cbnseéutive 50~foot stations on the curve to a point directly
oppbsite fhe next So-foot station on the curve., The offsaf distance to
this station is then measured, One-half of ﬁhis offset distance will
then determine the offset distance to use for a sight point from one
50=foot station to the next, when laying out right angles.

o Where the accuracy of the prism is in question, it is always
best to uSé the tranéit. :A transit cen be a real time-saver in rough
ccuntry, where vertical angles can be turned and slope distances measures.

' Normally, side stakes should be set left and right of center
line, In certain situations (e.g. where g side stake mlght fall in a
driveway) it mey be necessary to double-stake on one side only. Double
staking should be used on the right of way side of double barrel highways
when fﬁe médiah strip is going to be #érked over during construction,
Theré should be & minimm of 20' between double sﬁakes, prefersbly 50°
where practical. | .

A side stake should be driven into the ground two-thirds of

its length, leaving a ﬁide face parallel to the center line, The face

seen froﬁ the ecenter line shall be marked with the station and offset



distance, e.g., 72+50 over 192'. (See Plate No. 55.) A tall riser flagged
with red plastic ribbon (blue or white on ramp side stakes) shall be set |
within 12" and directly behind each side stake.

Occasionally it is necessary to drive the side stakes flush
with the ground, where they fall on a lewn or where there is extensive
-vandalism.

In urban ereas, side stekes should not bé set outside of the
right of way, unless the Chief of Party has obtained permission froﬁ the
property owner. Occasionelly it may be possible to use red-flagged road
nails for side stakes, such as in asphalt parking areas. Here again,
property owners' permission must be obtained, _

All side stake distances must be plumbed and measured carefuliy
with a steel tape. Distances shall be checked after the stake has been
driven to assure that the high corner of the stake is accurate, It is
customary to set aill side—stakes to a full foot distance. Be ge:tain,
'a_fter the sta.ke' is in the ground that the offset dista.pce aﬁd station
are still showing, and thet the distance on the steke egrees ﬁith the
actual distance measured.

The Construction Division has issued an order to all ﬁesident
Engineers, that all survey stakes set by survey parties during thé con~
gtruction period be retained wheréver possible for ﬁse in the taking bf
final cross sections. This is fof roadway and pits.

Survey Party Chiefs will be held.reépﬁnsible to see that all
sur%ey stakes are removed from the project whén the fina; rosdway aﬁd

pit cross sections have been completed. Any contrel points where stakes



are driven flush with the ground and cannot readily be geen may be left

for future use should the occasion arise.

303.5 SIDE STAKE IEVELING

All side stakes must be leveled zt the earliest possible oppor-
tunity. In wooded arezs no attempt should be mede to do any leveling
until the trees and brush are removed., Generally, the most efficient
method of leveling side stakes is to use two rodmen and two rods. This
gives & minimum of delsy between réadings by the instrumentman, The
rodman shouid carefully set the rod on the high corner of the side stzke,
Wnere possible, he should stand directly behind the rod, facing the
transitman, In this way he can make the rod plumb and can accurately
rock the rod 6" to the front and 6" to the rear. The transitman sﬁould
carefully cheek his level bubble before each reading, pick the lowest
reading obtained on the rod and clearly call it out to the notekeeper -
calling each digit separstely., The notekeeper should repeat the reading,
and the rodmen should immediately call out the staziion number and the
cffset distance left or right. Before leaving the stake, the rodman
zhould make certain that the corner of the stake thet was leveled is
clegrly marked with a dri-mark.

The notekeeper should record the level notes on looseleaf note
paper, being careful to show the offset distances in the second column
from the lefi. (See Plate No. LO.) In areas where the stakes are driven
flush the notekeeper will have to refer to the notes showing the distances

recorded at the time the side stakes were set.
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All steke elevations and cuts and fills rust be computed and
then checked by anotkher person in the survey crew. Then the backs of
the stzkes will be marked with the proper cuts and fills based on finished
pavement grade. BSee Plate No. 55.

The most efficient procedure is to have one man reading the cuts
and fills, two men marking side stakes, and the fourth man che@king or

Tiguring other stake notes,

303.6 RELOCATION OF BENCH MARKS

A1l bench marks that fall within the clearing limits rmust be
transferred prior to construciion, The transfer should be made before
the bench mark tree is cut - even though the root with the spike and
washers may still be in the ground. The tree roots will occasionally
shift position when relieved of the weight of the tree, All bench mark
transfers should have the letter "A" suffixed to the number e.g., B.M.
102-A, Use the bench mark book to record all B.M. transfers, and void
211 those bench marks that have been destroyed.

If & U.5.G.S. or a U.S.C. & G.S. disk is found to be in the
construction work ares, take a disk mibbing, record s description and
send it to the office of the Location Engineer. The Location Engineer
will reguest a "Reset" disk from the proper Govermment Agency. While
awaiting the arrival of the new disk a temporary bench mark should be
set and leveled with second order accuracy and the o¢ld disk removed and
forwarded to the Iocation Engineer. When the new disk arrives it should
be carefully set in a permanent loeation thgt'ﬁill not be affected by

“rcst. The survey crew will establish the elevation of the "Reset" disk
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with second order accuracy, i.e., with rod readings to thousandths,
using a rod target vernier, Rod readings should not vary over two-
thousandths on the double rodded H.I.'s., The Survey Party Chief should
write the descripiion for the new bench mark, pinpointing it by physical
features, in e mannér that any stranger can rezdily find it. A special
form will be pfofided by the govermment agency for the level notes. The
seme set of.notes shall be recorded in the bench book., The level notes
on the special form sﬁall be fbrwa.rded to ‘bhé cffice of the Locaticn

Engineer for processing to the proper govermment agency.

303.7 RESECTICNING ORIGINAL ROADWAY SECTIORS

Occasionally there will be areas where excavation or fill has
changed the contour of the ground since the original roadway sectlons
were teken, New original cross sections must be taken in these areas
prior to construction {supersede original cross sections). Department
policy does not allow the taking of original roadway cross sections from
construction lines in areas that were covered by original cross sections

referenced to a survey line.



30L STRUCTURE LAYOUTS

Cn & construction project where one or more structures are to
be built; the survey crew will be furnished with a 50 scale set of
bridge plans., Generally, z survey laygut sketch 1s incecrporated on
cne of the plan sheets fo; each bridge. If not, a suiteble layout
musf be developed from the pléns. The Sufvey Party Chief will obtainr
the Project Engineer's spproval for the proposed lazyout. Occasionaliy,
field conditions msy warranf a change in the normal layout procedure,
Eowever, every lsyout, even if only =z partial layout, must have a
triangulation check.

The Survey Party Chief will make a layout sketch in the field
notebook.— Use zs many pages as needed to show all of the reguired infor-
mation. It is important to show the bridge nuwber and description and
the stations and angles of crossing to the certer.line or center lines
of construction. Use the following steps for bridge layout procedures:
(See Bridge Layout Plate Nos. 3%4~37, incl.)

1. Make Layout Sketch as shown)
By:

2. Transfer Plan Measurements)

3. Transferring of figures from Plan
Checked by:

and Schematic Sketch )

L, Make Bridge Layout according to sketch.

5. Show how you leid out given angle between center line of
bridge and center line of bearings. Kumber of times

turned, etec,, clockwise angle only,

12
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6. Show type of chein used such as steél canyon, calibra-
tions given, and computations for temperature correction
and pounds pulled for all distances laid out.

73 All computations and layout procedure checked by Project

Engineer, . By: Survey Supervisor,

8. Overail check by Location Engineer, .

Tt should be noted that the layout mst be developed indepeﬁdently
by the Chief of Party and recorded in the field book with his'signature.
The traqsitman should independently check the layout as developed from the
plans and indicate by his signature that he agrees.with the Chief of Party.
All computations end layout procedure must then be checked by fhe Project
Enginger. The Survey Supeivisor will alsc independently check the layout.
He will,obtain_a check of the triangulation from COGO. When the layout
skgtch.has been completed and all field measurements, plan measurements,

- and CQGOltriangulation results clearly shown, the Survey Supervisor will
2dd his signature on the layout page and immediately forward the book to
the Location Engineer for his overall cheeck and signature, Xerox copies

of the layout pages in the field book will be kept on file at the Office

of thg Location Engineer and the book will be returned to the project field
office within 48 hours. |

The purpose of ihe independeﬁt checks is to avoid costly mistakes.
The accuracy needed in all field measurements cannot be over emDha51zed
This is especially true where multiple span structures are 1nvolved The
normal tolerance in diagonal check measurements should not be over 0,02 of

a foot, In long structures across streams it may be preferable to use &

13



geodimeter to check the spans and diagonals. The diagonal distance checks
are very important, but angle checks are also helpful in determining errors
in layout.

When laying out angles from center-Iine of bridge to center line
of bearing, it is important to use the longest sights possible and to wind
up the angle with & minimm of four turns for a check, alternating with the
telescope direct and inverted. .Do not aliow the average of the turns to be
of'f more thanwa~few-séconds. Any'slight skew in the center line of bearings
meens trouble in'the triangulation check,

Once the cehter line of bearing is established on one side Gf the
center line of bridge, intermediaté tie points should be set on the same -
'iigé”of‘éighffr After the tie points are all set on one side of the bridge,
new line of ‘sight should be taken on the Tirthest sight poirnt and each point
carefully checked. Any slight variation must be ‘corréctéd. It is customary
to uSe brads to mark thée 1iné of the stekesy These can easily be removed:
with pliers and shifted slightly. The tops-of the brads should be alléwed
to project aboul ‘one-sixteenth inch zbove the stake to provide the oppor-
tunity for shifting loceticn on the stake and to allow for the swelling ' -
of the wood when the stake gets damp. It is Belpful to circle the brad
with & Dri-mark.

" To establish the sight points on"the ‘Same ‘denter line of beaiing
on the opposite side.of the center line of bridge, thé preferred method is
to et thé transit on one of the outermost ties just established, o then

take lire on the point just occupidd onthe center line of bearing at the
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cen‘ter:. iine__of bridge and to double-project this point to _,set a tie point
& ma.xlmm dlstance on the opp051te side of the center line of br:uige.
Double-proaectmg uses the same prineiple as double-centermg, but does
not necessitate flopping the telescope in the opposite direction after
taking line. Intermediate tie points can now be set. Where possible, all
of the points now established along the center line of bearing should be
checked from one set up, by teking line from one outside point to the
oppqsite outside point and making sure that each intermediate point is-

on a perfectly stralght lz.ne. |

All distanc#s mist be measured with a call‘bra.ted bridge tape,
using scales and grippers. The proper pull and properly applied tempera-
ture correlction_ are extremely important. The temperature correction may
be taken from the table shown on Plate No. 63. The level of the tape
should also be checked with a hand ‘le_vel befofe each measurement, Every
tape measurement should be checked and double-checked for accuracy.

| Where wing lines are laid out on skew angles, the accuracy
of the layouts should be checked with additional diagonal measurements
to the ‘ends of the wings from the nearest center line of bearing at the
center line of bridge.

When bridge targets are used, it is im;_:oftant to have & hub tie
within a few feet of the target., This will allow the Project Engineer to
accurately check the target to see if it has been disturbed.

A1l bridge tie hubs shall be driven flush with the ground, with

reference stakes clearly marked for each hub. "Bull pens" mede with
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risers and spaced far enough apa.rt to allow the setiing up of a transit
between 'them, shell be set around each hub, The "bull pens” shall be
well outlmed with yellcw plastic ribbon. Brldge targets shall be"-rjg.ilfll-ed
onto rugged frames, 1'»eJ_.L-=-br3.ce:d and f:.rmly attached to permanent ob,jects
or d:r:.ven flrmly into the ground. With the sma.ll brldge targets, 11: may
not be necessa.ry to make an elgborate fra.me.

| The prelimina.ry bridge layout will include ties and targets as
requested by the Pro;ect Engmeer along the center line of br:.oge thé
center line of bea.rlngs for the e.butments and plers a.nd along the work:mg
lines for the wings. The center line of bearings and the center line of
bridge should have a minimm of three ties each side-- of the location of
the structure. There should be three hub ties for each skewed wing.

Following the complete bridge la&out, 8 -survey crew ma\v- be called

back to repiace ties or to check spans after the concrete has been pou.red.
The survey crew is usually e.skéd to écribe ceﬁter lin'e of bée.riné on'hhe '
' pads and scribe line for the cemter line of bridge. The Project Engineer
will set his own g:ra.des on gbutments, plers and footers, He will also
replace center l:.ne, check camber on steel or camber for concrete super-

structu:be, and aligmment for bridge reil and the like.

305. SECTIONS FOR STRUCTURE EXCAVATICN

Structure excavation is paid for as a separate bridge item;
therefore the survey crew, upon completion of a bridge layout, will be
asked to take cross sections for excavation for the footings of abutments

and piers. The base line used for these sections is the same base line
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as ;ised for the layout of the sbitments and piers, i.e., the cehﬁef line |
of bea.r:.ng or the face of abutments. Cross .section Aclow}e.ra.gé must be. wéli
beyond the limits of construction. A section will be take.h to cover eﬁ-ery'
angle point on the footing for “the a‘ﬁutments, w:.ngs .a;nd 'p-i.ers.. In le.dgé.

areas it may be ':f‘irs't neces'sa.ry to take sections for earf.h s*ﬁrucfﬁré

' excavation. Then after the ledge has been exjaoéed, it may be necessary to

take sections from the same stations for ledge structure eicaﬁtion; A

layout sketeh or sketches must be in the field book to show the layouts
for structure excavetion for each sbutment or i:ief. A se'pa.ra.ﬁe bock
should be used for each structure. This book would include the structure
layout, the ties, T.B.M. transfer information and structure excavetion
sections. Two T.B.M.'s established for the bridge should be set at &
éonvenient location to be used during construction. The elevation should
be set by running e double-rodded line from an estﬁ.blished bench mark tkru

the T.B.M.'s to another established bench mark beyond the structure. The

T,B.M. elevation should then be adjusted to f£it the best average between

the two bench marks.

306 | SECTIONS FOR LEDGE EXCAVATION

.r .Where ledge is classified, i.e,, & bid price is set for ledge .
excavation, the survey crew will be asked to take original sections on
2ll ledge after it has been exposed. All sections will be referenced to
the center line of construction. If the ledge is reasonably uniform,
good results will be obtained by taking sections from stations & maximm

of 25 feet and a minimm of 10 feet apart, with rod readings taken st
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right-angles to the construction line at all breaks. Care should be used,
since the prices for classified ledge excavation run high. The Survey
Party Chief should refuse tq section any ledge that is not pgoperly
stri__pp_.e_d._._ On‘J:ed,ge that La.c;ks uniformity, small pockets of unstripped,_
ledge will occasionally be fO‘l_J.n.d..“ The Survey Party Chief will not secﬁion
this ledge unless the contractor furnishes e man with a band ,shi_wel to expose
the iedge in the _.quest_iona.bleAareas. In the interest of accuracy, if drill
rigs are actively working in the area to be sectioned, the contractor should
be asked to shut dpwn the rigsr briefly u_._nt‘il_'the se;tions have 'I;_een completed
thru the immediate work area. Under nc ci-rcxmstaqces w1ll & survey crew
take 1edge bsecti..o,ns on ledge that ha.s h,een__g,ctivated for def{'.__ona.t__i.on. o

The cross s_e,ctionsl will be taken with at least one shot shown .
beyond the exposed rledge._ AJJ. rod readings taken on exposed ledge will be
lzbeled yith an L rspcwn ;j_ust a_bove the offset distance. A zero section
will be sh_cwn at the 'bgginnring“a_.nd end of each ledge area.

. On :jpbs where ledgg_ is vbid .uncla.ss'_ified, i.e_.,__wh_ere ledge is
paid for on the same price basis as earth excavation, 'l:._he SUrVvey crew may.
be asked to take original ledge cross sections at every 50-foot station
in the ledge area, The pi:.rp;::s'e of these s’écfion'sﬂ ié to give a quantity
basis Tor over-brezkage or when a sﬁb-contz;éctor"‘is invelved. 6ver-l

breakage is paid for under a sepa.:‘-ate item. (See Plate No. 39.)
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o1 SECTiONs FOR MUCK EXCAVATION

R Where there is a sepa,ra,te 1tem for muck exca.va.t:l.on, normal
sectlons from every 50-foot station will be taken foJJ.ow:.ng the
excava.tion. Sections will be ca.rried out to old ground with the
shots a.ctua.]_ly ta.ken on muck CIEa.rly Labeled w:Lth an M a.'bove the
offset distances. Zero-out sta.tlons mmt be shown at the beginning

a.nd end. of the muck area.

08 . BORROW PITS
Pits may be -cla.esified as Borrow Pits or Gravel Pits, or a
combination of 'both, but the following instructions apply to all pits:
308.1  FIELD WORE
L Bt sectmns are to be taken 25 feet apart, except that
in vniformly flat areas » where borrow is to be excavated
by ‘belly ~dups, it ma.y be pra.ct:l.cal to take 50-foot
sections, If cons:l.dered a.bsolutely essent:.a.l certain
odd sections may be teken, hut in general the minimm
25-fooct distance will be considered to be within the
accure.cy required A.ny odd sections requ.lred mst be
fnJ_'!. length sections. Odd. shots or paz't sections, taken
between sections here -a.nd there, mtendlng to show high
or low spots or local 11m1ts‘, will not be acceptable,.
2, Give complete description andfor sketch of pit location,
together with correct names and addresses obtained from.

the Project Engineer. .



Se

7.

In case of a,d,ja,cent ownersh:.p, the Proaect Engineer in con-

Junetion with the Ccmtra.c‘tor a.nd the lsnd owners, w:.ll locate

| the property line ties and Lnform the Survey Pa.rty before

any material is removed,
The Survey Party Chief will check and cooperate with the

Proaect Eng:.neer so that all the mforma.t:.on necessa.ry for

the records is properly and accura.'te]y recorded, pr:.or to

the beginning of any phase of the work.

For suggested layouts, for roadside pits, see the samples

- following these instructions, See also Plate No. 41 for

a pit -layout.
Begin Base Line Stations at 40+00 or 50400 and begin offset
distances mth & large enough figure to a.void-minus' dist.a.nces

should the pit be extended back to the left, All pit sections

mist be to right.

Radial Sectionms, ﬁ;:adside Pits - If -thé ma.:.n road center line
is én_ a curvé, cé.rry radiel sections Ouf to‘ the Right of Way
Iine and 'then set up remainder of Iiit rwith pa.fa.lllel sections,
as per the sketches. |

Pits wrthm 500 feet of -the main road mist be tied into the

cent er line of construct:.on, w:Lth the base llne either

parellel or at right angles to the tangent or the subtangent.

- Engineering Audit needs to have you start with the Roadway center

line when a pit base line is to be tied to the roadway center line, since the

roadway center line has been plotted and the right of way line given in
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relation to that center line. Two such ties are needed to accurately plot

the pit base line on the plan sheet which shows the roadway center line,

Pir Basc Line

PROCEDURE -

Set on these points (not merely on points en pit base line),

Record the Roadway stations.

Measure and record the angles and distances to points on pit
base line, (90° angles usually best if practicable.)

~ Measure and record thé stations of those points on the pit
base line.

Measure and record the angles as a check.

In addition to the horizontal ties to the center line of con-
struction, the pit elevation datum must be tied to the same datum &s used
on the construction project. |

9. It is important to use good judgmént in locating & pit
base line so that it will not be lost if the pit is

extended; and so that the sections will cross as many



vertical faces as possible at right angles. The base
line should be tied out in at least two areas in & big

pit. Bench maerks need to be located in areas where they

- can be saved Have at least two bench marks in each pit

in case one or more is’ destroyed Bench ma.rks should be
carefully described and referenced to the grid base llne.
The pit layout sketch should show the approximate location
of the road coming into the pit, with ties to the nearest

highway end an approxmate d:Lsta.nce to an ea.s:.ly fmmd

' lendmark. An obser\red compa.ss bea.rlng a.long the ba.se

line and an a.pprox:mte north arrow should be shown on the
sketch., The approximste p:l.'t llm:.'bs should zlso be shown.
Grid lines should be run no more than 200° apart across
the stripped area of the pit, us:.ng a transit and steel
tape. Every 100! along €ach line a steke should be
aécurately set, with lire srd distance indicated by a
neil. The 100' stakes should be marked with the station
and offset, (e.g. 53+°° ). The marking should be on

the face that will be seen when pregi-ese'i‘.hg‘ ghead station-

wise., Intermediate stakes may be set approximately on

line and distance. . They should be turned sideways and need
not be marked with the station. When the sections. have been
completed, the intermediate stakes should be salvaged to

use elsewhere,

When the pit area bas been adequetely steked out, sections

will be taken at 90° to the base line, with rod rea.;i.ings

a2

P



308.2

308.3 .

~every 25', plus additional shots as necessary to show

the contour of the ground. Distances will be measured

- with & cloth tape and rod readings for ground elevations

. recorded to the nearest tenth (0.10) of a foot.

..Survey crews will be supplied with a distinctive marker

- to outline all pits. Material will not be taken until

thege ma;:kers have been erected.

USE OF BOOKS

1.

Books conta.lnlng ncrbes on other phases of the project -

detail, ete, ,' shall not be used to record p:.t sections.

" There will be one p:Lt only, orlglna.ls and fma.ls entered

in a book which is assigned to a pro;]ect wh:i_le that project

is a.ctive. Thls will a.llcw the book on a.ny one pit to be

sen‘t to be processed when the flna.ls have been completed on

tha.t p:Lt w:.thout dela;v It will a.'Lso s:tmpl:Li‘y the key~

FOTES
1.

pundimg opera.tlon. These books may be used a.t a later
date for other projects after the origina.‘l. project is

entirely complete and final payments sre made.

IN FIELD BOOKS

Do not use a pencil that is too hard, but a 2H or 3H.

Avoid extremely small figures. ILegibility is a MUST.

" Readsble notes can be key-punched at nearly-10,000

characters per hour. Make all figures so that operators



5.

Te

do not have to give them a second look, in thé interest
of time and accuracy. Use plenty of space.

To avoid possible question as to which H,I. goes with
which set éf notes, always leave two spaces between T.P.
computations (vertical comtrol notes) and the next line

of notes, Leave at least three spaces between one station

. and the next.

Direction of sections must be from left to right and shots
must be entered in the notes from left to right. CShots
mist be started in the fourth column of the left page and

entered in blocks of nine with a line or space left between

blocks. Enter no more than 18 shots per line., On adjacenily

owned pits, when the shot at the P.L. is taken, leave a space
and sta:rt ancther block of nine or less.
Enter full station mmber at left of each lme of notes and

enter a.ctua.l ccmplete d:.sta.nc:es, 500 525 550 560 575 600, ete.

NOT 500 25 50 60, ete.

ﬁo not use more than one H.I. on one line,

All level notes are to be checked before books are released
and the notes are to be checked off in the bock to indicate
the fact. Show page reference on right hand page wherever
B.M. elevations are cited. If the roadway datum is used,
show the bock nurber or mark "Per Plans” as applicable.

Fo Hand Levels to be recorded on any pit.



8. When the sequence of shbts on eny one station at any one HI.
needs to be broken, do not enter all shots on one line. Use
& separate line for each séquence.

EXAMPLE

Do not enter:

500 525 550 590 600 ~-- TO0 725 TN ~--
7.0

b5 +25 50 Eo6 6.6 B.3 7.0 5.0 5.0
Enter:
500 25 55 5 600
bs+2s 22 82 & o3
700 725 750
b5+25 75 86 350
‘ 900 825 ©50
b5 + 25 8%5 5.0 7.0

The sbove indicetes to the key-punch operator that 3 separzte
cards are to be used, which will allow the machine to sort
cther ecards, (between 601 and 699 and 751 to 899), into their
'i:rdper mmerical seguence, (See Flate No. 42 and 43.)

9. Teke ghots and label them at match lines, R.O.W. lines and
o‘bher property lines in both the originsl notes and in the
final notes.

10. 1In Pit areas where excavation has exceeded the pit limits
as set, final shots should be tazken at the distance of the
last original and marked "Pit Limit," (Not "P.L."), and the

shots continued to positive old ground as in the sketch,
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Original Section Last Old Ground Shot

CTake O.G.

?-fnal Sec'ficn

MaKe note in finals book: “Pit Limit”

11. Do not leave overlapped sections in the book, Cross out
the ghots taken,whenﬁtpeAcontractor has pushed the strippings
back to extend the pit.and the shots are no longer valid.

12. The tolerable error of closure vertically between original
and finairsbots may be from 0.0 to 0.5 feet. . The largest
percentage of shots, pdweveriﬂshguld check out closely,

_verifying the accuracy of the work. Should there be any
indication of a consistent error of ¢losure in one direction,
even within the.quoted tolerance, indicating that something
is vwrong, proper actionghould-be taken to find the dis-

_crepancy.

308.4  PLOTTING PITS
1, Pits will NOT be plotted in the field. All pits will be
taken so that they may be computed by Electronic Computer

in the Concord Office.
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sections were teken.)
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308.5 GENERAL NOTES

All pit books may be left with the Project Engineer, except
du:r:.ng. the w:.n’cer, between the time the originsls are taken and the
:E‘:.mals completed W’hen the Pro;ject Eng:n.neer releases the 'book upon .
".'bhe ccmplet:.on o:f‘ the p:Lt the book is to be 'transm:.tted by 'bhe ChIEf- o
of the Survey Party to the Area Supervisor or-to the Office of the
Loca_.tion Engineer, ﬁpon suspension of-the. work, Project Engineers

nave been instructed to return all boocks to the Area Supervisor, or

to-the- Office ofthe I;océtio_n Engineer,

309 : , WASTE AREAS

‘ Durlng the construction stage there may be excaveted- ma.ter:.a.l
classified &as we.ste. This material may be depos:.ted :Ln ‘an. a.'rea. &PPI‘C;V)'S&.;
by the Pro,]ect Eng:.neer. Tt may be placed within roadway sec‘b:.ons or 1n',
a pit. Orlglna.l sections must be taken to show elevations of the ground
prior to .'the"deposit When the we.ste is placed in an area that was
sectmned prlor to construction, the or:l_g:.nals for waste will in effect .-
be semi-finals for the pa.rt:.cule.r roa&way a.rea. or pit area. Therefore
the sections must be taken from the original base line, Then the ﬁms:_'
will give the quantity of the waste deposit,
310 STAKES AND GRADES DURTNG cdnsmmms‘r

At various stages during construction the survey crew may be

called upon to give grades, In deep cu‘ts or h:.gh fills where the original

side stakes become difficult to use the survey crew may be asked to
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reproduce tI;_e center line, The contractor may then set his own tall graﬁe
éta_kés ﬂm_fhis line., The survey crev may be asked to give grades on
tllzehse stakes,

~- The contractor may call for grades on his own stakes several times
during rcornstruction, but generally it will be only once during the final
gra.vellsta.ge. The survey crew w:.u generally be asked te set cuts or fills
to the nearest full foot to finish profile grade. The elevation will be
marked on the stake with a "Dri-marker.” A horizontal mark indicates
finished grade elevation. _7 indicates a-fill and the emount of £311
mist be shown, (e.g, F-1'), _ X indicates a cut and the amount of cut
mist be shown, (e.g. C-2'). The amount of cut or fill must be marked on
the face of the stake.

Occasionally the survey crew may be asked to replace and level
original side stakes that have been knocked out by the contractor, 4
recor:iz_ f;hquld be kept of the number_ of stakes that have to be replaced.
A ta_'i_w s1;§uld be sent. in on the da.lly report cards, listing the mmber
of stakes tha.t-werg replaced within a given sts._tidn to station section,

and time in‘x;olveﬁ.

312+ ' LAYOUT FOR CURBING AND STDEWALKS

A survey crew may be called upon for curbing and/or sidewalk
layout. Where blue tops are run, curb alignment and grade may be obtained
from the blue tops. In cases where blue tops cannot be used, it is custo-
mary to set survey stakes on a 5-foot offSef line to the curb, Radius

points for islands will be set according to the plans. When laying out



islands the curbing layout aligmment should be checked in the field by
swinging the radii to see that there is no break in the aligmment of the
face of curb. The survey crew may level the offset stakes and mark the
stake elevations on the stakes. The Chief of Party will not figure-gra.des
for curbing. If the Project Engineer wishes to give the grades to the
survey crew, then the survey crew can mark the cuts and fills if the

‘Project Engineer so requests.

o313 _ STAKING FOR UNDERDRAIN

| - The survey crew may occasionally be asked to stake ocut under-
d_raln Um]ly one lipe of 10-foot offset stakes is used, with stakes
set every 2_5‘ on line., The stakes should be leveled and the stake eleva-
tion mé;fked on the steke. [Usually the Project Engineer will figure his

own cuts from the stake elevations.

315 ~~ TAYOUT FOR FENCING ALONG RIGHT OF WAY

- When right of way fencing sligmment is required, it is custo-
wary to lay out the computed angle with a transit that will give the
computed right of way bearing from one bound to the next. In heavil&
wooded areas the survey crew will place risers flesgged with green a.nd
white plastic ribbon alorg the right of way line Tor about 200° in each
directio_n from the bcund When the i‘___ence c_lea.ring crew has brushed out the
line, th;a survey crew may return a.nd give good line for the fence, Survey
stajces; marked R/W will be set along the line at approximately 100-foot .
intervals., A riser fla,gggd in green and whrite‘pla.stic ribbon shall be set

'beside each survey stake, If, in the opinion of the Survey Supervisor,
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the survey crew can lay out the line for brushing and then with éa'm'ininﬁm
of delay follow immedismtely behind the brushing crew with stakes for

fencing, he sy give permission to proceed in this manner.

317  ESTABLISHTNG GRADES FOR PAVEMENT

o There are several ways currently being used for esta.blishing
grades for paﬁmt. The se‘f:ting of "blue tops" is the most used ‘method.
In this method the comtractor furnishes the oak hubs and the survey crew sets
them to f:.nlshed gravel grade., After lewveling, the tops of the stakes are
pe.lnted to ma.ke them consplcuous for the gra.de :E‘oreman. In norma.l sectlons s
blue tops will he set a.t center line and 127 left and right. Where there
| are truck lanes or J.ncom:.ng ramps involved, sdditional blue tops on ea.c.h
sta.tlcn may be required, Blue tops should not be set unless the gravel
is within two or ihree inches of finished gravel grede. Blue tops are
not to be set Me than once. If the gravel is not properlv compa.cted
" they should not be set, The contra.ctor should drill the holes for the
stakes and should furnish a man tc help drive the stakes to grade.

On city streets blue tops may not be reguired. Gravel stakes
may be sufficient, The method used in this case is to run an offset on
one side of the roasd, along the shoulder bresk, Standard survey stakes
are set. accurately for line and distance at each offset station., These
stakes will be leveled and marked with a cut or fill to plan profile
finish grade.

Many contractors are now using the C.M.I. machine or its
equivelent instead of blue tops. A row of offset stakes is run accurately

on each side and the elevations of the stakes are established by the
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survey crew. The elevations on the offset stakes are utilized to

establish the proper elevatlons of the sensor gulde wire.

320 o CENTER LINE FOR PAVING

It may be required to run center line on any of three stages,
The sﬁages are as fol;cws: tack coat, completed base and final course.
It pfactical the blue tops are sometimes used for the aiignment on top
“_of the tack coat (in cases where the blue tops can be seen through the
_011) Where the llne is run on the tack coat, most cf the Project
Englneers are establlshlng thelr own offset stakes or offset nalls for
their center line on top of the base course. The survey crew will be 7
required té run éenter llne on the flnal course. Blank nalls (not flagged)
will bg used on centgr llne every 50’. A small spot of palnt should be
made dlrectly in front of each nall for a gulde to strlpe paint the
center llgF, The station may be palnted in the road 1n small flgures

every 500'. There w1ll be no other painting of stations.

321 o " STRIPING ON RESURFACED FROJECTS -

‘Survey crews mzy be requested to spot paint center line for
painting on pavement that has been resurfaced. Spots of paint should
be marked on the pavement splits at approximately every SO' on curves
and every 100' on tangents. The curves need be marked only on Inter-
state Highweys. The spot painting on all of the tangents should be

lined in with the transit.
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322 DEVIATIONS FROM ESTABLISHED FPRCCEDURES CR POLICIES

Whenever there is any deviation in lIayout work covered by
specific instructions previously issued by this office that 1s requested
by the Resident Engineer or his representative, it is imperative that
the Party Chief appropriately document theprocedure followed, indicating
all deviations and under whose instructions such deviations were made.
Also, within twenty-four (24) hours, the Party Chief shall contact the
Ares Survey Supervisor, or the Location Engineer to advise him of the

deviations and to receive further instructions.



FINAL SURVEYS

SECTION TIiL



- FINAL, SURVEYS
SECTION ho0



FINAL SURVEYS

INDEX

SECTION PAGE DATE ISSUED
400 'GENERAT, 400.1 - 3Aas/7
410 ALIGNMENT ' L10.1 3/15/77
Typical Field Book Page kig.2 3/15/77
k20 CROSS SECTIONS 420.1 L/29/77
Quantity Match Lines 4o0o.2 3/15/77
Typical Field Book Page L20.3 W/og/77
Typical Field Book Page Leo. b L/29/77
Construction Offset Diagram 20,5 CW/29/77
h21 CHANNEL WORK Yo1.1 3/15/77
Typical Field Book Page bo1,2 3/15/77
Hele LEDGE SECTIONS oz 1 3/15/77
Typical Field Book Page hoo, o L/29/77
ko3 PITS 423.1 h/29/77
Typical Field Book Page he3.2 3/15/77
Typical Field Book Page L23.3 3/15/77
430 DRAINAGR 430.1 4/29/77
LLo BENCH MARKS Lho.1 3/15/77
450 BOUNDS 4ho.1 L/6/77
Typical Field Book Page : 450.2 L/29/77

.Apﬁroved

Tate




FINAL SURVEYS

LOO GENERAL

A Final Survey is made of a project to determine earthwork
quantities and show graphically the location of the constructed road-
way compared to the construction plans. Survey's function in final
surveys 1s to provide the roadway center line, pit and roadway sections,
limited drainage and bound location,

Finals will be taken on all Federally funded projects which
involve earthwork. On State funded projects the Survey Supervisor will
check with the Construction Engineer as to the necessity of final sections.

Often during the construction phase there will be opportunities
to take finals in ledge areas, pits and where sections later may be
difficult to obtain. 1If a center line is available a discussion by the
Party Chief with the Survey Supervisor should determine the appropriate
action;

Final surveys should be completed within 20 working days from

acceptance of the project by the Construction Engineer.

3/15/77
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FINAL SURVEYS

410 AT IGNMENT

The final center line, which often is rehabilitated under
the construction phase to stripe paint the pavement center line,
must be reproduced accurately to agree precisely with the location
used during the preliminary or construction survey. In most in-
stances, where line changes are made during the design phase and.
right-of-way is referenced tc the roadway center line, only the con-
struction line need be established. Should the right-of-way be
referenced from a survey line both the constructicn and survéy line
may need to be reestablished. All control points, i.e. lie points,
bound locaticns and alignment control, will be accurately set using
stubbies and prick punch. The actual distances between control points
will be recorded. Most times, the final distance will be less due to

the elimination of obstacles and uniformity of terrain.

3/15/77
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FINAJ, SURVEYS
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FINAL SURVEYS

420 CROSS SECTIONS

Final cross sections should be taken at all full and 50-foot stations.
The final roadway section will show all.ground break poin;s, center line and
edge of pavement only. The typical section will be used as a guide only.
Final sections shall be extended on each side of the center line so that the
last two readings at each end of the section will be original ground elevations
and appropriately marked "0.G." The shot marked edge of work (EW) is also old
ground but for the purposes of the manual will not count as an old ground shot.
in a like manner, descriptive notes or abbreviations should be placed over any
shots where your comment may be helpful to Engineering Audit personnel. Where
a discrepancy is noted, give an adequate explanation. A few comments may save
several hours by Engineering Audit personnel. All explanations'will be in

brackets as shown: {: '}

Any abbreviation which is not common or questionable should be written

in full where first used, i.e. STONE
FILL SF SF
36 40 Ll
3.8 5.9 5.8

Since final cross sections are used to determine "fat slopes" and
accuracy of a hand level can be debated by the Contractor, hand levels will
not be used in taking finals.

Checking 0ld ground elevations on original sections agasinst final
old ground elevations is time consuming and will be done by Engineering Audit
personnel if necessary. In many cases [inal sections are not taken at the
same location as the originals and only when several sections are compared
can a reliable judgement be made.

In areas where grids were taken or original sections are referenced
from the survey center line, final sections will be taken about.the construction

center line at even fifty-foot stations.

. . W /29/77
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FINAT. SURVEYS3

Whenever using a Quantity Match Line (QML) for complete coverage,
be sure the Quantity Match Line is staked out to accurately establish the
last elevation shot.

When stone lined (SI,) ditches are encountered in the final sec-
tion, the béginning and ending ditch limits need be shown by Plus and Offset
only and there will be no need for an odd section. Show the limits of stone
111 on each section as it crogses the ditch.

Guardrail (GR) should be noted only in the normal roadway sections.

Final sections should extend across stump dumps or waste areas
adjacent to the roadwaey unless it is determined as unnecessary by the

Resident Engineer.

TEMPORARY STAKES

FCR LINE
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FINAL SURVEYS
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FINAL SURVEYS

21 CHANNFEI. WORK
¥inal cross seciions on channel changes shall be taken shortly
after the completion of the channel work so that accurate quantities
may be determined before any erosion takes place or before accretion.
Channel sections are taken in the same wéy as final roadway
cross section, however only one old ground (0.G.) shot will be necessary.
Be sure to note stone Till where it occurs with the channel

section.

3/15/77
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FINAL SURVEYS

422 LEDGE SECTICNS

Final ledge sections will be taken wherever original s_ections
were taken except where the final earth slope covers the ledge. The
beginning and ending of the exposed ledge will be shown (zero ledge
section).

The final ledge section will be taken. in the'same manner as
a final roadway section except at odd stations only the exposed ledge
will be taken with an Farth (E) shot at the beginning and end of the
ledge secticn.

On ledge sections show Farth (E), Earth to Ledge (Eﬁ), Ledge

(1), Ledge to Earth (LE) and Earth (E).

3/15/77
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FINAL SURVEYS

L23 PITS

Generally, pit finals will be taken from the same base line
and along the same offset line as taken during originals. 0Odd sections
should be taken in the final pit when necessary to more sccurately de-
scribe the pit. This is especlally true where an isolated earth mound
is within the pit area. 0Odd final sections need onlj identify the
change between the normal final pit section and need not cover the full
length of the pit.

When the final pit configuration is going td be greatly dif-
ferent from the original layocut the original pit extensions should be
from a new Sase line and the pit broken down into two pits. The new
base line should be handled in the same way as & property line in a pit
area. Final pit sections will be taken at the same crossing point as
the originals on all property line and new base.Lines. VThis should give
hetter final pit coverage. |

When the final elevations are taken on a pit of the same name
as the original sections, place the finals in the same book. If the
pit name has changed, place the final pit sections in another book with

a reference to the original pit section.
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FINAT, SURVEYS

430 DRAINAGE

Locate catch basins, drop inlets, manholes and cross pipes by

plus & offset and elevation, and profile outlet ditches,

A
SN ]
; ~:::::IMHREAD
| = PIPE AND OUTLET DITCH
I O

Other roadway ditches will be taken in the roadway section.

Drainage structures should be included with the final roadway sections.

L

TOP OF GRATE

JngizzzzzﬁmL )
[7)]
<
m
[T =
o] 175]
- =
'..._.
& n
BOTTOM -7 6 o ©
AL A . ’ T
3
DROP INLET 5
BOTTOM #
L L A LA

.CATCH BASIN
On catch basins (CB) and drop inlets (DI) locate the center of
the grate or cover by plus & offset and elevation.
- Measure the depth of basin from the top of the grate and de-
scribe the condition of the bottom of the basin when actual bottom canﬁot
be given. Pipe invert eiev&tions are not necessary and will not be taken.

See Tinal cross sections for typical notes.

- A ) h/29/77
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FINAL SURVEYS

LU0 BENCH MARKS

In the process of taking finals, all turning.points will be
taken to the nearest hundredth (0.,0l) of a foot. The Bench level run
must go through each bench mark used and will not be taken ag a side
shot. Bench marks destroyed during construction will be noted in the
field book.

The level run must check within four hundredths (0.04) of a
foot between each bench mark used during construction. The level line
wiil,be adjusted at each bench mark.

For typical field notes see cross sections.

3/15/77

450 BOUNDS

All highway bounds will be located with transit and steel tape
from a control point. The horizontal angle will be doubled and recorded
with the horizontal distance or slope distance and vertical angle.

This requirement will be on all highway projects coﬁpleted

after January 1, 197k,

L/6/77
Lho,1
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METHODS OF INTERSECTING LINES
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: de
Reference - Route Surveys

Transition Curves for
Highway Spiral Curves. . Righway

1. Based on Cubic Spiral as Develcped by the Public Roads Administration
2. Based on Arc Definition
Notation and Symbols
P.Iy = Point of Intersecticn of lain Tangents
T.5. - Tméen‘b*_Spi;al, Common Poiht’ of tangent and spiral of
near transition
S.C. - Spiral Curve, common pé'ixﬁt of spiral and circular cuwe of

near transition.



2.

- Computations end Field Location for Spiral Curve
Ls, length of Spiral if based on the Degree of curve (Dc), the Design
Speed and the Desirable slope of Pavement edges.
Re - Radius in feet of Main Circular Curve (Dc) selected for Use.
V - Design Speed in M,P.H.
1.6= Friction Factor based on Slope of Pavement (Banks)

1.5 - 106 VB
o Tablza 12 (Route Surveys)

Select Length of Spiral Curve in nearest multiple of 50f,
Cubic Spiral is defined as curve whose degree ¢f curve ingreases

directly with the cistance fron the Point of Spiral (T.S. in Fig.)

Then t=
(l)'-g-&
T ois
(2) pg= kil
Ls

The Spiral Angle at the S.C, is

: ‘g = LsD
(3) es_mg

Circuler Curve

Firnd Ae Feor Circular Curve
Qe
Ac

A - 28s

A-EE suwstitue (3) above.

12



Find Length (Ie) for Circular Curwvc.

le = 100 Ac Compute other functions of circular curve
e - . o
. in normal manner.
Spiral Curve
g XSDe Y abe
_fg'g- 200 See.(B) abqve

?ir;d Total Tangent (Ts)

T =z (Redp) Tn A4k Table 17A (Boute Surveys)
3 for VAlues ef p & k

Now: i-‘ind Statdom L@cateiﬁms (Crntrol Points)
ToS6e  Pol. = T8

$.Cc = T.8. # 13 Ailso = P.C. Circular Curve
CeSe 2 5,00 FLe " T P.7. Chscuder Cuiww
'S.TeZc.s.fLs

low Locate Control Points in Field by Spiral Tangents,
L.T., Long Tangent N "~ Table 13 = Use & (determined previously)

(P.1.)s = 7.5, f L.T. {(Interzection of Shert & Long Tangents)

1. Turn @ and measure out 5.T. or Short Tangents to establish
$.C. &nd P.C. of Circular Curve.

2'.. _1_.5easure cut Circulzr Curve Tangent Dista_:;r:e te
P.I. of Circular Curve. |

3. Set COntr‘ol Points on Far Spiral in same manner.

13
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Now camputs Spiral Deflections ¢ for even stations and

mn in on ground £rom T.8.

‘ﬁ.: ;_t i 32 .3&'_ (Applym ccrrection
: when veluss of # exceed
p=13 Ef'?i""" 12 7° a» below |
‘ ' =2 e
3
nd
¢ e =

2e,
cr S2& Table 23,

14



METHCD OF COMPUTING SPITADL DATA FRCM "TRANSITICH CURVE
FOR TICEVAYS® 5Y JCSEFE BARNETT, PUBLIC HOADS ADVINIETRATIC

Given: pP.I. = 152 4+ G0.8
. A = 35 - 25' - 30" Rt.
D, = 5% - 00'

Length of Spiral = Ig

Diré.ct from Tabie I using Degree of Curve and Design Speed-
Lg = 50!

Tangent Distance P.I. to T.S. = T,

Externa) Distance P.I. to Center of Curve = E,

By interpolation froh Table IV using Degree of Curve, Length of Spiral

and Delta

Tg for Do = 5 and Is 150'

Tg o = 35 = 436.55

Ty & o= 35 = LLT.59

Ta A = 35 - 25' - 30" » 4h1.2

Eg A s 353 = 56.5

Eg a = 36 =59.8

2 A= 35° - 25" - 30" = 5T.9
Delta for Curcular Curve = A c Page 17 |

A, = AN- Lsg D¢ or Ac- A -2 O
D [+ I

=]
A = 35°-25'-30" 120X A 35°-25"-30" « 2 x 3° - 4§°

o
O = 35%050-30" - 10300 A =35 25'-30" - T - 30°

A - 27°.551-30" A= 27°.55'-30"
Length of Circular Curve -. I"c Page ;.T
Lc '~ Ac X 100
Dc
L= _27° - 55' = 30" x 100
Lc » 558&5

5



Arc_Lengthening for Offset from Center Line of Spirals

Computations for 30.00' offset to left from center line

New Spiral Length L]

—— <
o S
L; = LB + (Of.a.set W)

- )
L = 150 + (30 ‘__3%%%3__ )
Ls' = 150 + 1.96
LB' =n 151-96

New Arc Iengths L'

L' = L+ (0ffset x 3 x "Rﬁg_?n')

Arc T.S. 158 + 49.6 to 158 + 50
0

L' = C.b 4+ (30x3x 0

57.3° )

L' = O.ll- + 0
L' = 0.%
T.5. 158 4 49.6 to 159

L' = 50.&1-(30132:-—5-3-'-3—‘-]%22-

L' = 50.4 + 0.22
L' = 50.62

Arc: 158 + 50 to 159 = 50.62 - 0.k = 50.22
T.S. to 159 + 50 -

L' = 1004 + (30 x 3 x )

0.56%°
L' = 100." + 0-89
L. .1.01029

Arc 159 to 159 + 50 = 101.29 - 50.62 = 50.67

Are 159 + 50 to S.C. 159 + 99-6 = 1510% - 101029 = 5006?

16



Station From T3 o E LT $ 0,000
P.5. = 158 + 49.6 0 o 0° - 00
+ 50 0.4 o 0° - 00.0°
159 50.4 2540 0.142° = 0° - 08.4°
+ 50 100.k4 16080 0.564° = 0° - 33,3’
5.C. = 159 + 99.6 150.0 22500 1.260° = 1° - 15.0°
T . 3% -185.1%5
.3 3
Spiral Deflectiocn Angles frem an Intermecdiate Setup Fage 25

Degree of Cumm'tufé at Poinmt of Sstup iz Computed by Siwple Propoptich!
Iy

LS
c .
D= —'%%*L x 5° for Station 137 + OO
o]
D = 1.68

Cov ,,}\,_-_L Qu-%\ \7:5\‘}%\«.\“ [~ 4
Circular curve deflecticn angles for this curvature are,,a.&ged or subtracted

to the spiral deflection anzles from the T.S. for the same distance to ocblain
deflsction angles at the Ilntermediate setup.

17
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= When authorized, other grids
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SENERAL BRIDSE TYIES

TIMBER TRESTLE
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PILE BENT
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COVERED BRIDGE
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CSNTINUOUS GIRDER

SPANDREL- FILLED ARLH ©OPER SPARDREL BECH

i e i e A i O Y 0 PO S s s = =

o BaroTs. e T —maie |

RIGID FRAME ~CONCRETE

0/

_ Rae SECTIGN ' T-8C A SCCTION
GONGRETE " SLAB. (PLAIN CONCRETE T-BEAM.
46



GENERAL &RIO0E YYrES

THROUGH TRUSY:

PONY TRUSS

CANTILEVYER

THROJGH GIRDIR DECK GIRDER ! BEAM

SUSPENSION
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CUMERAL BIDBE Tvire
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STEEL VIADUCT
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STRUCTURAL —  TRUS

A2 AN A, g, Y

CRESCENT SCISS50R PRATT QUADRANGULAR * PRATT (F'LAT) LATTICE

A AN D o

-
HOWE ORENGLISH  KING POST BELGIAN FINK QUEEN POST HAMMER BEAM
(crareLs)

FIG.A ROOF TRUSSES

x ‘: N A AT A i\
/’ / y v b 3‘._\ .1 i W A [\\ 4
| &/ ; \ £ l/ / <‘»_ \‘\_\\,‘,'f‘_ﬁx ! \wi \Ei %\j \/ ;/ \;&
PRATT : O E WADBER
! A \a\ AN
N N L A \ pa PN N
& d h & - -
BALTIMOREL PETTIT oY PENMSYLVYARILA
¢ HEAVY BRIDGES : §

v

DOUBLE TRIANGULAR LATTICE ' POST PEGRAM
o A
BOWSTRUNG FINK BOLLMAN WHIPPLE

. M K ‘ ‘SWING BASCULE
LIFT r :
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FUNDAMENTAL BRIDGE NOMENCLATURE

Soonrdre/ =
Arch Ry 179

/nTrados

rese

i {Springing lire.
Clecr Spon .

Abu#
Ao
Y Pt s
Cerd é g
AT £
. _i__,_;g‘ﬁfown 1‘

. N - T —_"’-3_“ T e aae o e, ]
Ccp/ng ' j s i . i
f”'?_/'ecfzoréqj_

i‘ R e
Curb G Fo o 7
AN S r T -
Corcrete Decks
E
Deck ; I‘ Exlrocos
rrn\\ﬂr‘.- o - j i —_—
p o M o d. g
i ;
: — : .(/nfmda
. e |
. "‘ i
i
Frome /eg 4  cleor spon
Foo:‘z}:g —p

Corcre’e Frome
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FUNDAMENTAL BRIDGE NOMENCLATURE

Bent Cagp *—~
maiat el r‘ﬂ_\i-} r Y :rq'\:
?C'am:fefe
Pile
L/ Ly L/ Llaced
PILE BENT

Pier Cap =z =

K Column

Web WO”Z-

Footing -2‘

COLUMN PIER WITH SOLID WEB WALL

Steel Cap =

A4
L)

VA

Braces

IEAAIII T W N TIETTARNL

STEEL BENT

[E—

| ?S/ee/ FPile

7

Frer Cop 2~ 1

Pier Wall =

Fooling 2 o -

SOLID PIER

Pler Cap =z, 1]

‘ZC:J/umn

Fooﬁhqz_

' COLUMN BENT OR OPEN PIER

Hammerfeood = /I

Stem
<

Footing 2 -

CANTILEVER PIER OR HAMMERHEAD PIER

52




FUNDAMENTAL BRIDGE NOMENCLATURE

7 N 7]

THROUGH HOWE TRUSS THROUGH PRATT TRUSS
)

THROUGH WARREN TRUSS QUADRANGULAR THROUGH WARREN TRUSS

THROUGH WHIPPLE TRUSS CAMEL BACK TRUSS

1
1
THROUGH BALTIMORE TRUSS K - TRUSS

T L T ’ I X

|
? PONY TRUSS FeEm——
THROUGH TRUSS DECK TRUSS

53



FUNDAMENTAL BRIDGE NOMENCLATURE

o Back walf

Z
Bridge Seat 3 Backwall

Wing 2
Breost Walf 2

] Foofing — ]

FULL HEIGHT ABUTMENT

Backwall
Bridge Seaf 7

Wing )
Breast Wall z.

Footing 7
STUB ABUTMENT

Baockwell " ' B
acive Bridge Seat) Bridge Seat 7] | ”

Cap Beom 2 Wing 5
Cap Beom 2 y7iFy

"2 e olumn Columr 2. -

Footing 4 Footing

OPEN ABUTMENT
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S.TA KE MARRKING CODE

¢t STAKE C REFERENCE STK. RAMP £ STK. RAMP REFERENCESTK

t TIES REFERENCE STKS RAMP €& TIES REFERENCE STKS
Back

Back Front

Front

\NB-ST/
7
¥

SIDE STAKES
Front Back
1o2+50
\ 18 |
'
PLACEMENT OF STAKES
RerEerwncel
lioa "4 v/ Risce
t. PO S :5-»-2::@ -q-b:‘-!oo i g sig‘
T a o 3 >
R?s:& $ \Ezg\
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BOUNDARY LINES
‘Property Line

Town Line
County Line

STATE LINE
Iron Pipe or Pin

Stone Bound

Right of Way Bound
Reference Monument
Vertical or Horizontal Station

Project Marker

DRAINAGE

Catch Basin

Drop Inlet

Culvert
Underdrain

Header, Concrete

Header, M.RM. or Stone

Open Ditch

Slope Paving or Rip Rap

STANDARD SYMBOLS

JOHN SMITH
MILES STANDISH
B _ BOW _ B
CONCORD
__coos
- GRAFTON
___MAINE
NEW HAMPSHIRE
e |P
Os.s.
OR/W
B RM.

A USGS, USC &GS, etc.

A PM.

® cB.

Dl

IITIITIT note size & type

U U U U label size & type




STANDARD SYMBOLS

GENERAL CULTURE

Water Course A“/\/

Shore Line | Rive:—*Str_eg__m__:
Swamp or Marsh e N, D

Stump _A_ (label species & size)

Brush Line, Woods C&%;;?Mmromt

\‘-**3«-..-..._)\....1.)

£3 2 636> 63

. Appl
Orchard (303 o ee O
Trees, Typicat Hardwood {8372EIm &7 1win3.00aks
Trees, Typical Softwood “IF3 ) Spruce ‘::,‘:‘“"4.IIBolsam
Hedge (_hedge )
Septic Tank @ {(lobei type & size}
Leach Field AZLE
Storage Tanks (T e 1) (iaobei type,size B use.)
Curb ' =7 (lobel type)
Steps I (label type)
Stone Wall l oot QF 9 G
Retaining Woll P —A—  (label type)
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STARNDARD

UTILITIES

Telephone Pole

Power Pole

Joint Occupancy

Guy Pole
Light Pole

Light on telephone poie
L.ight on power pole
Traffic Signal

Hydrant

Manhole
Underground Utilities

Gates,Valves, & Shutoffs

Railroad
R.R. Sign or Signals

RR. Switch

R.R. Transformer

Mile Post
58

¢>_ Bar parallel to direction of line
HI) insert "T" to signify transformer

¢ Circle within square

eppyc

& Lobel: SMH, TMH,WMH etc.

-

-
Ly 0
.......

L.abe! type B size
s
&f Laobel: WG.,WS0.,650. etc.

BIEEENNERRANES




STANDARD SYMBOLS

Fence, Barbed Wire X X X %
Fence ' Il II Il (1obet type)
Cemetery ' Cem, :
well @ (label type,size & depth )
. 362
£ Il/
S0 725ty
‘ 0299 g Born ﬁ";’ W%Fﬁg
Building [ Gor. | 770,

Note cellar & type of found,
Cross-haich cellar aren.

22.5

N e
Foundation SI Conc. |

L___d
Guard Rail 8009098 | gbel: beom, etc.
Roadway _ Label type

- {

Driveway ' ; l_[_.-gzﬁ_e._l-_:type

|

|
~J fl
Bridge Crossing (Stream) |

Highway Overpass

Highway Underpass j ﬁ
Ledge Outcrop @‘l@

Bridge Target "
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HORIZONTAL AND VERTICAL SPECIFICATIONS

First Order =

Second QOrder

Third OQOrder

First QOrder

Second QOrder

Third QOrder

1]

HORIZONTAL
066' YM  or 1'in 25,000

.67 VM  or - I'in 10,000

3.34' VM or 1'in 5,000'

M is the distonce in miles.

VERTICAL
017" Ym
035 VM
050 VM

M is the length of the rum in miles,
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OFFSET CURVES

I If an offset line is to be run, as.in stoke-out for fine grading .,
it is desirable that the stationing on the offset line remain normal to

¢ sidtioning.

2. The chord meosured to each station must be corrected to obtain

this result, _
3. The relationship between OFFSET and CENTER-LINE CHORDS is
DIRECTLY PROPORTIONAL to the relationship of the OFFSET and CENTER-LINE

curve RADII.

C = Chord on € curve
R = Radius of & curve ¢o . Be

_ C R
Co= Chord on Offset curve
Ro = Raodius of Offsat curve
Example.
R = 2400
offset lines = 50' L and R
for I' chord inside of ¢ for 1’ chord outside of ¢
' - 1 4 ! '
L8 - 5}8%- = 0.97917 Lo - 333Q. « 1.02083
for 50' chord measure for 50' chord measure
50' X 097917 = 48.96' 50’ X 1.02083 = 51.04'




SLOPE CHAINING

I Vertical Angle to Hub and Tack
Formula . {slope distance) X({cosine of vertical angle) = (horizontal distance)

Note. Always check "O"reading of vernier with telescope level.
Example. (4850') X(cosine of 15°30') =
{48.50') X{.96363) = (46.74)

o (horizontal distance) = {(46.74")
vertical angle
15°30' obssrved

. Vertical Angle as directed by Instrument Man
when method I is impractical due to obstructions.

Heod chain held as directed by Instrument Man.

{horizontal distance)= (46.74")

vertical angle
I5°30] directed

plumb bob
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STEEL TAPE TEMPERATURE CCRRECTIONS

Ther- Tempera- Ther- Tempera- Ther- Tempera-
mocmeter ture mometer ture mometer ture
Reading Correction Reading Correction Reading Correction

oF o oF
=10 -.050 28 -,026 66 -.001
-9 =050 29 -.025 67 -.00L
-8 -.049 30 -.025 68 -.000
-7 ~,048 31 -.024 69 +.001
-6 -, 048 32 -.023 70 +.001
-5 - OL7 33 -.023 val +,002
-4 - ~.046 34 -.022 72 +.003
-3 -.046 35 -.021 73 +.003
-2 =045 36 ~-.021 7 +.004
-1 ~.045 37 -.020 75 +.005
0 =044 38 -,019 76 +.008
1 -.043 39 -.019 77 +, W3
2 -,043 L0 -.018 78 +. 005
3 =042 411 -.017 79 +.007
L =042 42 ~.017 80 +.,008
5 -.041 43 -.016 gl +,008
6 -+040 L -.015 a2 +.009
7 ~.039 45 ~.015 83 +.010
8 -.039 L6 -.014 84 +,010
9 -,038 L7 -.014 85 +.011
10 -,037 L8 -.013 86 +,012
11 -.037 L9 -.012 87 +.012
12 -.036 50 -,012 88 4,017
13 -.035 51 -.011 89 00
1L -.035 52 -:010 20 +.01)
15 -.03L 53 -,010 91 +.015
16 -.034 54 -.009 92 +.015
17 -.033 55 -.008 93 +.016
18 -.032 56 -.008 T +.017
19 -.032 57 -.007 95 +.017
20 -.031 58 - =006 96 +.018
21 -,030 59 -.006 Q7 +.019
22 030 60 -.005 38 +,019
23 -.029 61 - 005 © 99 +.020
24 -.028 62 -.00L 100 +.021
25 -.028 63 -.003 101 +.021
26 ~ 027 A -.003 102 +,022
27 -.026 é5 -.002 103 +.023

Temperature Correction Normal 68 Degrees. Tape Temperature Correction for
each Degree 0,000645 per 100 Ft. based on the formula C = 0.00000645 (T-68)L.
Where; C = Correctlion in Ft., T = present temperature, in Degrees Fahrenheit,
and L = a distance measured to nearest foot,
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SCALE : FULL SIZE

NOTE
"ALL LETTERS AND
CENTER TRIANGLE
TO BE EMBOSSED
Y2 APPROXIMATELY.

APPROVED Q¢T. 13.,!9_&

DESIGN ENGINEER

TOP VIEW
3‘3’4—“Diam. 1
X
k% -t- i A1
$ . Ye'D:
o “ e/-?@” D. WEEP HOLE
38" OFF CENTER
NOTE
MARKER PLUG TO BE
R | CEMENTED INTO STONE
R BOUND (SEE FILE NO.39116-D),
. EMBECO CEMENT OR
Fjg' EQUIVALENT TO BE USED,
¥ " PATTERN FOR PLUG AT
: EASTMAN CO. INC. FOUNDRY
N CONCORD, NEW HAMPSHIRE,
b A
eofbe ey
%6 D,
ELEVATION VIEW
EH-A. _
QI STATE OF NEW HAMPSHIRE REV. DATE | STANDARD
DERPARTMENT OF PUBLIC WORKS AND HIGHWAYS PLATE
FILE NoO.

392117-D

BRONZE MARKER PLUG

oK’




—

. t“DRILL HOLE
W &" DEEP

DRESSED OR

T SAWED TOP WITH

11 ROCK FACED SIPES.

Ll

!

Ld

SPECIFICATION Y NOTE

STONE BOUND SHALL BE HARD 2 6’Min. | TOP OF BOUND TO PROTRUDE ABOVE
AND DURABLE GRANMITE AND O [7 "]  GROUND: 12”IN WOODLAND, 6" IN UN-
5HALL BE FREE FROM 0 CULTIVATED FIELDLAND AND 4 IN
SEAMS OR OTHER IMPER - | MOWING LAND, BOUND SET IN MOW-
FECTIONS, ING LAND SHALL BE ENCIRCLED BY A

frr————— MOUND OF EARTH AT LEAST 4 FEET

iN DIAMETER AND FLUSH WITH THE ToFP
OF THE BOUND AT THE CENTER.
WHEN LEDGE 1S ENCOUNTERED, THE
BOUNDS, CUT OFF IF NECESSARY, SHALL
BE FIRMLY BONDED TO THE LEDGE.

A4
g

Scale: " ="

STATE OF NEW HAMPSHIRE
DEPT. OF PUBLIC WORKS AND HIGHWAYS

DETAIL OF STONE BOUND
FOR PERMANENT MONUMENTS

APPROVED: _ _/_C_f?

: APRIL 6,/960
EXR. ' .




SURVEY MONUMENTS

BENCH BENCH ' BENCH TRAVERSE
©1d Type) {New Type) (Old Type)
’ Two Bench Marks Consolidetad

GRAVITY
(Old Type)

GRAVITY
(New Type)

&

<>
) 2o
4,528 »\js‘*“ica‘;?

LAY

Fon3®

"REFERENCE

OG\CAL
\"

é"o LoN WITH a;s,%
g. 8“ ELEVATION

O ABOVE SEA
E

USGS.

USGS.
(Old Type)

TRIANGUL AT ION
(NewType)

NOTE. The markers shown must be referenced to line by exact ties | ol information

shown on the plate must e given, Give @ i

bouldar ,concrete post

description of plate location | inledge,
: bridge abutment_, etc. |f marker is to be relocated
due to construction , notify the Locction Engineer in time for him to pracure a
new piate from the appropriate dgency,
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STANDARD ABBREV!ATIONS

Azimth

Average Water ﬁevel
Back Traverse
Bearing

Bench Mark

Bituminous Coated Corru-
gated Steel Pipe Arch

Bituminous Coated Corru-
gated Steel Pipe

Bituminous Coated Perfor-
ated Corrugated Steel
Pipe

Bottom of Bank

Cast Iron Pipe

Catech Basin

Cement Lined Cast Iron
Pipe

Cemetery

Center Line

Concrete Bound

Conduit

Construction Center Line

Controlled Access Right
of Way :

Corner Fencé Post
Corrugated Aluminum Pipe
Corrugated Steel Pipe

- County Line

Curve to Spiral

Az,
ANVW.L,
B.Tr.
Brg.

B.M.
B.C.C.S.P.A.

B’COC.S.P.

B.C.P.C.S.P.
B.B.
c.I.P.

CIB.

c.L.C.I.P.
Cem,

c.L, or q.
Conec,B.
Cond.

C.C.L.

C.A.R.O.W,
C.F.P.
C.A.P.
C.S5.P.
Cty.L.

C.S.

68

Degree of Curve
Down Gradual
Drive (label type)
Drop Inlet

Earth to Ledge
Edge of Brock

Edge of Pit

 Edge of River

Edge of Work
External Distance
Extreme High Water
Extreme Low Water
Federal-aid Primary
Federal-aid Secondary
Fence (label type)
Flow Ling Elevation
Fore Sight

Gas Shut-0fr

Gravel |

Grid North

Hand Level

Header

Héight of Instrument

Horizontal Control
Marker

Hot Bituminous Paved
Shoulder '

D.G.

Dr.

- D.I.

E.L,
E.Brk.
E.P,
E.R.
E.W.
E.
E.H.W.
E.L.W.
F.A.P.
F.A.S.
Fn.
F.L.
F.S.
G.S.0.
Grav,
G.N.
H.L.
Hdr,

H.TI.

H.C.M,

H.B.P.S.



STANDARD ABBREVIATIONS

Hot Bituminous Pavement  H,B.P, Point of Compound Curve
Invert Flevation E Inv. | Point of burve

Iron Pipe or Pin I.P, Point of Intersectioﬁ
Ledge to Farth® L.E. Point of Reverse Curve
Length of Curve or lLedge L. Point of Tangent

Level Out L.0. - Point on Curve

Limited Access Right of Point on.Sub-ta.ngent
Wey L.A.R.O.W,

Point on Tangent
Manhole (label type, sewer,

telephone, etc.) M.H. Portland Cement Concrete
Pipe '
Mean High Sea Level M.H.W.
: Project Marker
Mean Low Sea Level M.L.W.
: Property Line
Mezan Sea Level ‘M.S.L.
Radius
Mid-Point of Circular
Curve Mid.P. Railroad
Mortar Rubble Masonry M.R.M. " Railroad Crossing
Not Stripped N.S. Reference Stake
Observed Magnetic Bearing Mag. Reference Bound
01&; Ground 0.G. Reinforced Concrete
' Fipe
014 Stone Box 0.5.8.,
©  Reinforced Concrete
Parking Lot P.Lot. Pipe Underdrain
Paved Gutter P.G. Retaining Wall (lsbel
: type)
Paved Shoulder P.S. o .
_ Right of Way
Perforated Asbesgtos- _
Cement Pipe P,A.C.P, Rip Rap
Perforated Corrugated Same Slope

Aluminum Pipe . P.C.A.P.
: : Sidewalk (label type)
Perforated Fiber Pipe
Underdrain P.F.P.U. Slulceway
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P.c.C.
P.C.
P.1.
P.R.C.
P,T.
P.0.C.
P.0.8.T,

P.0.T.

R.R.
R.R.X,
R.S.

RIB.

R.C.P.

R.C.P.UI

R.W.
R. Oﬂwl

Rip.R.

S.S.

S.W.

Slu.



STANDARD ABBREVIATIONS

Spike
Spike & Washer

Spiral Point of
Intersgection

" Spiral to Curve
Spiral to Tangent
Stake and Stones
State-aid Primary
State-azid Secondary
State Line

Stone Bound

Study or Survey Line
Surface Treated Gravel
Temporary Bench Mark
Tangent to Spiral
Top of Bank

Town Line

Traveled Way
Traverse Line
Turning Point

Up Gradual
Underdrain

United States Coastal
& Geodetic Survey

United States Geological

Survey

 Vitrified Clay Pipe

Spk. Wall (label type) .
S5.8M. Water Gate W.G.

Water Shut-0ff W.5.0.
5.P.I.

S.C.
5.T.
S.&S.
5.A.P.
S.A.S.
St.L.
S.B.
S.L.
S.T.G.
T.B.M.
T.S.
T.B.
T.L.
T.W.
Tr.L.
T.P.

U.G.

U.5.C.&:.5,

U.5.G.5.

V.C.P.
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STATE OF NEW HAMPSHIRE
DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS

Electronic Computer Section
TRAVERSE COMPUTATICNS
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SPATE CF NeW HAMPSHIEE
TEPARDMENT (F PURLIC WORKS AND HIGRMAYS
ELECTRONIC COBUIER SUCATOE

TRAYERSK COMACTATICH
Schewmatie Sheick Sheat

PROJECT, PROJECT WO.________ FED.EO. DAt
1. FROVIIR TEE FOLLOWING DFPORMATION:
A., P.XI, or P.0.T. Station D. CObserved Magnetic Baaring Ussd.
B. Measured Angle (clockwise) B, Compubsd Seatingo.

C. Tangent Distance
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